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MEMORANDUM

SUBJECT: Dimethoate: Reviews of a Developmental Neurotoxicity Study (MRID 45529703),
a Cholinesterase Study (MRID 45529702), and a Range-Finding Study
(MRID 45529701)

TO: Pat Dobak
Reregistration Branch [
Special Review and Reregistration Division (7508C)
- i -0
FROM: WilliamF. Sette, PhD. (- Aoy F S50 3747
Toxicology Branch
Health Effects Division (7509C)

THRU:  Alberto Protzel, Ph.D. C ] (\)

Senior Scientist
Toxicology Branch
Health Effects Division (7509C)

Chemical: Dimethoate
PC Code: 035001

DP Barcode: D278940
TXR #0050139

ACTION: The purpose of this cover memo is to provide reviews of three studies of Dimethoate
named above. Executive summaries are provided in the memo below.

CONCLUSION: This package contains Data Evaluation Records (DERs) for three studies of
Dimethoate: a Developmental Neurotoxicity Study (MRID 45529703); a Cholinesterase Study
(MRID 45529702); and a Range-Finding Study (MRID 45529701). The DNT study was
classified Acceptable/Guideline and satisfies the guideline requirement for a developmental
neurotoxicity study in rats (OPPTS 870.6300, §83-6). The other two studies were classified
Acceptable/Non-Guideline.
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1. Developmental Neurotoxicity Study (MRID 45529703)

In a developmental neurotoxicity study (MRID 45529703), Dimcthoatc (99.1% a.i., batch
# 20522-00) was administered to 24 parent female Crl: CD®BR rats per dose by gavage at dose
levels of 0, 0.1, 0.5, or 3.0 mg/kg bw/day from gestation day 6 through postnatal day 10, and to
the offspring from postnatal day 11 to postnatal day 21 inclusive. A Functional Operational
Battery was performed on 10 dams/dose on gestation days 12 and 18 and lactation days 4 and 10.
Offspring were evaluated as follows: age-appropriate functional observation battery on days 4,
11, 21, 35, 45, and 60, automated motor activity on days 13, 17, 22, and 60; assessment of
auditory startle response days 23/24 and 60/61, assessment of learning and memory (Morris
Water Maze) at postnatal days 23/24, and at postnatal day 61/62 (separate groups), brain weights
on days 11, 21, and 65, and brain histopathology and morphometrics on days 21 and 65. Pup
physical development was assessed by bodyweight, and sexual maturation of females was
assessed by age at vaginal opening. Maturation of males was assessed by age at completion of
balano-preputial separation.

There were no treatment-related effects, for matemal animals. The maternal LOAEL for
Dimethoate in rats is not identified. The maternal NOAEL is 3 mg/kg/day.

For offspring, there were no effects on body weight, food consumption, clinical signs, auditory
startle parameters, leaming and memory evaluations, brain weight, or histopathological
evaluations at any time point. There was no effect on litter size or pup weight at birth, but there
was an increase in pup death during early lactation. The number of pup deaths was similar in
control and Jow dose groups (15 deaths in 10 litters for controls, 11 deaths in 6 litters at 0.1
mg/kg/day), but was increased at 0.5 mg/kg/day (43 deaths in 10 litters, including 1 total litter
loss) and at 3.0 mg/kg/day (89 deaths in 14 litters, including 3 total litter losses). There were
also decreased activity levels, as measured in the FOB, at 3.0 mg/kg/day, and changes in
automated motor activity measures (decreased rearing in females at 3.0 mg/kg/day on PND17;
dose-related increases in horizontal activity in males at 0.5 mg/kg/day [65%] and 3.0 mg/kg/day
[122%] on PND17). The offspring LOAEL is 0.5 mg/kg/day, based on increased pup death
and increases in motor activity. The offspring NOAEL is 0.1 mg/kg/day.

A comparative cholinesterase study (MRID 45529702), using the same doses and dose schedule
as the current study, found significant inhibition of plasma, RBC, and brain cholinesterase in
dams and fetuses on GD20 after 3 mg/kg/day dimethoate, and significant decreases in brain
cholinesterase inhibition (10%) in dams and fetuses given 0.5 mg/kg/day. Pups showed the same
pattemn of effects on PND21. Based on that study, the NOAEL for cholinesterase inhibition
following repeated dimethoate exposure is 0.1 mg/kg/day based on brain cholinesterase in adults
and offspring.

This study is classified Acceptable/Guideline and satisfies the guideline requirement for a
developmental neurotoxicity study in rats (OPPTS 870.6300, §83-6).
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2. Cholinesterase Study (MRID 45529702}

In a special neurotoxicity study (MRID 45529702), dimethoate (99.1% a.i., batch/lot #
20522-00) was administered to groups of Crl:CD® (SD) IGS BR rats by gavage at dose levels of
0.0, 0.1, 0.5 or 3.0 mg/kg bw/day. Treatment groups consisted of 9 pregnant dams treated from
GD 6 through GD 20 and terminated; 10 pregnant dams treated from GD 6 through PND 10
followed by treatment of 1 male and 1 female offspring/litter on PND 11 through PND 21;
groups of 8 untreated dams whose offspring were treated on PND 11. In addition, groups of 16
adult male and female rats were treated with dimethoate for 11 days. Although the study
investigated the effect of the test material on developmental criteria such as reproductive
performance, gestation, fetal viability, etc., the primary purpose was to determine the effect of
dimethoate on blood and brain cholinesterase activities in adult male and female rats, pregnant
dams, fetuses, and offspring following both acute and repeated exposures.

No significant treatment-related effects were found on any reproductive or developmental
parameters. In addition, the test material did not increase mortality, or cause clinical signs of
toxicity in adult male and female rats, fetuses or offspring at any dose. No histopathology of the
nervous System was seen in five offspring examined after PND 60.

For almost all groups of adult animals, pregnant dams, fetuses, and pups, dimethoate doses of
3.0 mg/kg/day significantly decreased the activities of plasma, red blaod cell (RBC), and brain
cholinesterase following acute or multiple daily doses of dimethoate. Acute doses of 0.5 mg/kg
caused no significant effects. Repeated exposure to 0.5 mg/kg caused significant inhibition in
brain ChEs in dams, fetuses, and nursing pups. By day 60, all ChE levels had recovered. No
consistent difference in sensitivity to ChEI was found following acute or repeated exposures.

For acute exposures:
the LOAEL for brain ChE] is 3 mg/kg (adults and pups of both sexes);
the LOAEL for red blood cell ChEI is 3 mg/kg (adults of both sexes); and
the LOAEL for plasma ChEI is 3 mg/kg (male pups and male adults).

The acute NOAEL for ChEI in all compartments is 0.5 mg/kg for both adults and
offspring.

For repeated exposures:
the LOAEL for plasma ChEI is 3 mg/kg/day (adults and offspring of both sexes);
the NOAEL for plasma ChEI is 0.5 mg/kg/day;

the LOAEL for red blood cell ChEI is 3 mg/kg/day (adults and offspring of both

sexes);
the NOAEL for red bloed cell ChEI is 0.5 mg/kg/day;

D278940.MEM. wpd 3
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the LOAEL for brain ChEI is 0.5 mg/kg/day (adults and offspring of both sexes);
the NOAEL is 0.1 mg/kg/day;

The repeated exposure NOAEL for ChEI is 0.1 mg/kg/day based on brain ChEI in
adults and offspring.

This study 1s classified acceptable/nonguideline for the determination of plasma, RBC, and brain
cholinesterase activities following treatment with dimethoate in adult, fetal, and juvenile rats.

._Range Finding Stud D 45529701

In a preliminary developmental neurotoxicity study (MRID 45529701) Dimethoate
(99.1% a.i., batch/lot 20522-00) was administered to 15 female Crl:CD® BR rats per dose by
gavage at dose levels of 0, 0.2, 3, or 6 mg/kg bw/day. Ten maternal animals/group were
administered the test substance from gestation day (GD) 6 through postnatal day 10; an
additional five dams/group were dosed on GD 6-20, inclusive. Two male and two female
pups/litter were treated from postnatal day 11 to 21, inclusive. The females treated up to GD 20
were killed three hours after dosing on that day; litter data was assessed and cholinesterase
activity determined in maternal and fetal plasma, RBC, and brain. For females allowed to litter,
the treated offspring were killed two hours after dosing on postnatal day 21 and cholinesterase
activities determined. Statistical analyses were performed for gestation body weight and
gestation body weight gain data only.

All animals survived to scheduled termination. During gestation, maternal body weight gains
after initiation of treatment were slightly decreased in the mid- and high-dose groups (83-88%
and 74-88%, respectively, of the control levels). Lower weight gains in the high-dose group
resulted in significantly (p < 0.01; 93-94% of control) lower absolute body weights compared
with the controls beginning on GD 10. There were no apparent differences in weight gain among
groups during lactation; no effects on body weights or body weight gains were observed in the
low-dose group for gestation or Jactation. The only effect on food consumption was slightly
reduced intake in high-dose dams during the treatment interval (approximately 88-91% of the
control levels).

Following sacrifice on GD 20, no differences were observed between the treated and control
groups for mean numbers of corpora lutea, implantations, live fetuses, resorptions, fetal body
weights, fetal brain weight, or fetal sex ratios. For dams allowed to litter and rear their young, no
differences were observed between the treated and control groups for pregnancy rate, mean
numbers of implantations, or pup sex ratios. Pup survival was reduced in the high-dose group
mainly during lactation days 1-4. Pup body weight gain in the high-dose group was also
decreased during early lactation, resulting in lower absolute body weights throughout lactation.
From post-natal day 11-21, body weight gains by the high-dose pups (treated and untreated) were
similar to the control levels.
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No treatment-related gross lesions were observed in dams killed on GD 20 or in dams and pups
killed on lactation day 21. Brain weights for fetuses and 21-day old pups were not affected by
treatment.

For animals tested on GD 20, plasma cholinesterase activity was decreased 25 and 57% in mid-
and high-dose dams, respectively, and 66-79% in mid- and high-dose fetuses; RBC
cholinesterase activity was inthibited by 70-96% in mid- and high-dose dams and fetuses; and
brain cholinesterase activity was inhibited by 75 and 88% in mid- and high-dose dams,
respectively. In addition, brain cholinesterase activity was inhibited by 22-24% and 35-42% in
mid and high dose fetuses, respectively. On lactation day 21 male and female pups had
approximately 40%, 60-65%, and 42-45% inhibition of plasma, RBC, and brain cholinesterase
activities at the mid dose, 60%, 70-80%, and 55-66% inhibition of plasma, RBC, and brain
cholinesterase activities at the high dose. Data were not statistically analyzed, and sample sizes
were small for some groups, precluding conclusions about relative sensitivity among age groups.

This study is classified Acceptable/Non-guideline as a range-finding study and does not satisfy
the guideline requirement for a developmental neurotoxicity study in rats (OPPTS 870.6300,
§83-6); it has provided adequate support for the doses chosen for use in the main developmental
neurotoxicity study. These results must be evaluated in context of the developmental
neurotoxicity study (MRID 45529703) and the cholinesterase study (MRID 45529702).

D278940 .MEM.wpd 5
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DATA EVALUATION RECORD
DIMETHOATE

Study Type: DOSE-FINDING DEVELOPMENTAL NEUROTOXICITY
[NON-GUIDELINE]
MRID 45529701

Prepared for
Health Effects Division
Office of Pesticide Programs
U.S. Environmental Protection Agency
1921 Jefferson Davis Highway
Arlington, VA 22202

Prepared by
Toxicology and Hazard Assessment Group
Life Sciences Division
Oak Ridge National Laboratory
Ozk Ridge, TN 37831
Task Order No. 02-10

Primary Reviewer: ( w( Qof) 9: ﬁ' r
Carol S. Fo Ph.D.. D.AB.T. Signature: :

Date: 2 '
Secondary Reviewers: .
Cheryl B. Bast, Ph.D., D.AB.T, Signature:

Date: :
Robert H. Rogs, M.S.. Group Leader Rlar W Leza

Signature: '

Date: J AN 1 lf mz

Quality Ass'urance: A WI&K’

Lee Ann Wilson, M.A. Signatur

Date: . JAN 142002

Disclaimer

This review may have been altered subsequent to the contractor’s signatures above.

Oak Ridge National Laboratory, managed and operated by UT-Battelle, LLC., for the U.S. Dept. of Energy under contract
DE-AC05-000R22725.
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Dose-finding Developmental Neurotoxicity Study (2001) / Page 2 of 15

|DIMETHOATE/035001] Range-finding study for Guideline OPPT 870.6300
EPA Reviewer: K. Raffacle, Ph.D. Signatare:
Registration Action Branch 3, Health Effects Division (7509C) Date
EPA Reviewer: W, Sette, Ph.D. Signatare: £_s o F S50
Toxicology Brauch, Health Effects Division (7509C) Date_ 2-26=-°2
EPA Work Assignment Manager: J. Stewart, Ph.D. Signature: __%aj-ﬁ/ Eff 10 #
Toxicology Branch, Health Effects Division (7509C) Date_ ' | "3/57/ 00y
Template version 11/01
DATA EVALUATION RECORD
TXR#: 0050139
STUDY TYPE: Dose-finding Developmental Neurotoxicity Study - Rat; Non-guideline
PC CODE: 035001 DP BARCODE: D278940
SUBMISSION NO.: S605760
TEST MATERIAL (PURITY): Dimethoate (99.1% a.i.)

SYNONYMS: Phosphorodithioic acid, O,0-dimethy] S-[2-(methyl-amino)-2-oxoethy]] ester

CITATION: Meyers, D.P. (2001) Dimethoate dose finding study in CD rats by oral gavage
administration preliminary to developmental neurotoxicity study. Huntingdon
Life Sciences, Ltd., Cambridgeshire, England. Laboratory Project No. CHV/068
(Report 000129), October 19, 2001. MRID 45529701. Unpublished

SPONSOR: Cheminova A/S, P.O. Box 9, DK-7620 Lemvig, Denmark

EXECUTIVE SUMMARY: In a preliminary developmental neurotoxicity study (MRID
45529701) Dimethoate (99.1% a.i., batch/lot 20522-00) was administered to 15 female Crl:CD®
BR rats per dose by gavage at dose levels of 0, 0.2, 3, or 6 mg/kg bw/day. Ten maternal
animals/group were administered the test substance from gestation day (GD) 6 through postnatal
day 10; an additional five dams/group were dosed on GD 6-20, inclusive. Two male and two
female pups/litter were treated from postnatal day 11 to 21, inclusive. The females treated up to
GD 20 were killed three hours after dosing on that day; litter data was assessed and
cholinesterase activity determined in maternal and fetal plasma, RBC, and brain. For females
allowed to litter, the treated offspring were killed two hours after dosing on postnatal day 21 and
cholinesterase activities determined. Statistical analyses were performed for gestation body
weight and gestation body weight gain data only.

All animals survived to scheduled termination. During gestation, maternal body weight gains
after initiation of treatment were slightly decreased in the mid- and high-dose groups (83-88%
and 74-88%, respectively, of the control levels). Lower weight gains in the high-dose group

resulted in significantly (p < 0.01; 93-94% of control) lower absolute body weights compared
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Dose-finding Developmental Neurotexicity Study (2001) / Page 3 of 15
[DIMETHOATE/035001] Rnnge-ﬁnding study for Gaideline OPPT 870.6300

with the controls beginning on GD 10. There were no apparent differences in weight gain among
groups during lactation; no effects on body weights or body weight gains were observed in the
low-dose group for gestation or lactation. The only effect on food consumption was slightly
reduced intake in high-dose dams during the treatment interval (approximately 88-91% of the
control levels).

Following sacrifice on GD 20, no differences were observed between the treated and control
groups for mean numbers of corpora lutea, implantations, live fetuses, resorptions, fetal body
weights, fetal brain weight, or fetal sex ratios. For dams allowed to litter and rear their young, no
differences were observed between the treated and control groups for pregnancy rate, mean
numbers of implantations, or pup sex ratios. Pup survival was reduced in the high-dose group
mainly during lactation days 1-4. Pup body weight gain in the high-dose group was also
decreased during early lactation, resulting in lower absolute body weights throughout lactation.
From post-natal day 11-21, body weight gains by the high-dose pups (treated and untreated) were
similar to the control levels.

No treatment-related gross lesions were observed in dams killed on GD 20 or in dams and pups
killed on lactation day 21. Brain weights for fetuses and 21-day old pups were not affected by
treatment.

For animals tested on GD 20, plasma cholinesterase activity was decreased 25 and 57% in mid-
and high-dose dams, respectively, and 66-79% in mid- and high-dose fetuses; RBC
cholinesterse activity was inhibited by 70-96% in mid- and high-dose dams and fetuses; and
brain cholinesterase activity was inhibited by 75 and 88% in mid- and high-dose dams,
respectively. In addition, brain cholinesterase activity was inhibited by 22-24% and 35-42% in
mid and high dose fetuses, respectively. On lactation day 21 male and fernale pups had
approximately 40%, 60-65%, and 42-45% inhibition of plasma, RBC, and brain cholinesterase
activities at the mid dose, 60%, 70-80%, and 55-66% inhibition of plasma, RBC, and brain
cholinesterase activities at the high dose. Data were not statistically analyzed, and sample sizes
were small for some groups, precluding conclusions about relative sensitivity among age groups.

This study is classified Acceptable/Non-guideline as a range-finding study and does not satisfy
the guideline requirement for a developmental neurotoxicity study in rats (OPPTS 870.6300,
§83-6); it has provided adequate support for the doses chosen for use in the main developmental
neurctoxicity study. These results must be evaluated in context of the developmental
neurotoxicity study (MRID 45529703) and the cholinesterase study (MRID 45529702).

COMPLIANCE: Signed and dated GLP, Flagging, and Data Confidentiality statements were
provided. A Quality Assurance statement was not included. It was noted that while the study
generally followed GLP principles, no specific study-related Quality Assurance procedures or

analysis of dose formulations were performed.
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Dose-finding Developmental Nearotoxieity Study (2601) / Puge 4 of 15
DIMETHOATE/ 035001} Range-finding study for Guideline OPPT §70.6300

I. MATERIALS AND METHODS

A. MATERIALS:

1. Test material: Dimethoate
Description: . white solid
Batch #: 20522-00
Purity: 99.1 % a.i.

Compound Stability: responsibility of sponsor (a Certificate of Analysis, mcluding stability and storage
conditions, was provided)

CAS # of TGAL: 6-51-5

Structure:

l

A

2. Vehicle and/or pesitive eontrol: Reverse osmosis water was used as the vehicle and
negative control. No positive control was used in this study.

3. Test animals (P):

Species: mt

Strain: Cr:CD® BR

Age at study initiation: 1G-11 wks

Wt. at study initiation: 2152M g

Source: Charles River UK Limited, Margate, Kent, England

Housing: Tn stainless steel or high density polypropylene suspended cages; wood
shavings provided as bedding from late gestation onwards

Diet: Pelleted radent diet, UAR VRF1 Certified, Usine d° Alimentation Rationate, ad
libitum

Water: tap water, ad libitum

Environmental conditions: Temperature: 19-25°C
Homidity: 40-70%
Air changes: up to 15/hr
Photoperiod: 12 brs dark/12 hrs light

Acclimstion period: 13 days

B. PROCEDURES STUDY DESIGN
1. In life dates: Start: May 9, 2000; End: June 24, 2000
2. Study schedule: The test substance was administered to ten maternal animals per group from

gestation day (GD) 6 through postnatal day 10. An additional five dams/group were dosed
on GD 6-20, inclusive. Two male and two female pups/litter were treated from postnatal day

[0
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Dose-finding Developmental Neurotoxicity Study (2001) / Page 5 of 15
- Range-finding study for Guideline OPPT 870.6300

3.

4'

| GD 6-20 {cholinesterase determinations) . 5 5 5

11 to 21, inclusive; the remaining offspring in each litter were retained as undosed within-
litter controls. The females treated up to GD 20 were killed three hours after dosing on that
day; litter data was assessed and cholinesterase activity determined in maternal and fetal
plasma, RBC, and brain. For females allowed to litter, the treated offspring were killed two
hours after dosing on postnatal day 21 and cholinesterase activity determined. Dams and
untreated offspring were killed on or shortly after postnatal day 21.

Mating proceduare: Females were paired 1:1 with stock males of the same strain. Each
fernale was examined daily during the mating period to identify sperm cells in a vaginal
smear or the presence of a copulatory plug. The day that sperm or a plug was found was
designated gestation day 0.

Animal assignment: Mated females were allocated to group and cage position in sequerice,
thus ensuring that animals mated on any one day were evenly distributed among the groups
(Table 1). The offspring were allocated to treatment using random number tables.

Dose (mg/kg/day)

0 0.2 I 3 6

| GD 6 - postnatal day 10

10 10 10 10

5.

Dose selection rationale: Dose levels were chosen by the sponsor based on available
toxicity data. No further details were included in the current study.

Dosage adminigtration: All doses were administered once daily to maternal animals by
gavage, on either GD 6 through postnatal day 10 or GD 6-20 (animals in parturition at the
time of dosing were not dosed on that day). Two offspring/sex/litter were treated on
postnatal days 11-21. Dosing volumes for dams and offspring were 5 mL/kg of body
weight/day (formulations were mixed with 2 magnetic stirrer throughout dosing). For dams,
dosing was based on the most recent body weight determination up to and including GD 17;
thereafter dosing remained constant to postnatal day 1. From postnatal day 1, doses were
again based on the most recently recorded body weight. For offspring, doses were based on
the most recently recorded body weight.

Dosage preparation and analysis: Formulations were prepared weekly. The highest
required concentration was prepared by mixing the required amount of test substance with
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Dose—ﬁndmg Developmental Neurotoxicity Study (2001) / Page 6 of 15
[DIMETHOATE/035001] . Range—ﬁndmg study for Guideline OPPT 870.6300

the appropriate amount of vehicle. The formulation was mixed with a magnetic stirrer; lower
concentrations were prepared by serial dilution. Prior to the start of the study, homogeneity
and stability of the test substance was evaluated as part of the Developmental Neurotoxicity
study; these data were not included in the current report. Concentration of the dosing
formulations was analyzed in samples from the first and last weeks of the dosing period.

Resuits:
Homogeneity analysis: data not included

Stability analysis: “Shown to be stable for up to 2 days at ambient temperature or 15 days at
4°C;” data not included.

Concentration analysis: Concentrations of the dosing solutions were within 4.2% of
nominal with the exception of the mid-dose solution on week 1, day 1 (10.8% above
nominal). Analysis of the mid-dose solution for day 2 showed the concentration to be 99.5%
of nominal.

The analytical data indicated that the difference between nominal and actual dosage to the
study animals was acceptable.

C. OBSERVATIONS:
1. In-life observations:

a. Maternal animals: All animals were checked at least twice daily for clinical signs or ill
health. Additional, detailed observations were made on each treatment day. Signs of toxicity
were recorded as they were observed, including the time of onset, degree, and duration. The
FOB was not conducted on the dams.

Individual maternal body weight data were recorded on GDs 0, 3, 6, 10, 14, 17, and 20 and
on lactation days 1,4, 11, 17, and 21. Food consumption was recorded on GDs 0-2, 3-5, 6-9,
10-13, 14-16, and 17-19 and on lactation days 1-3, 4-6, 7-10, 11-13, 14-16, and 17-20.

b. Offspring/Litter observations: The day of completion of parturition was designated as
lactation day (postnatal day) 0. The females allocated to litter were allowed to deliver their
young naturaily and rear their own offspring until lactation day 21. Daily throughout
lactation, offspring were examined cage-side for gross signs of mortality or morbidity,
changes in litter size, and clinical signs of toxicity. Any gross signs of toxicity in the
offspring were recorded as they were observed, including the time of onset, degree, and
duration. Additional, detailed observations were made on each treatment day. Sex of the
offspring was determined on lactation days 1, 4, and 21 and individual body weights were
recorded on days 1, 4, 7, and 11-21,
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Dose-finding Developmental Neurotoxicity Study (2001) / Page 7 of 15

[DIMETHOATE/035001] E Range-finding study for Guideline OPPT 870.6300

On day 4 postpartum, litters were standardized to a maximum of 8 pups/litter (4/sex/litter, as
nearly as possible); excess pups were killed and discarded.

Offspring were not evaluated for developmental landmarks, FOB, motor activity, auditory
startle reflex habituation, learning and memory

Cholinesterase determination: Cholinesterase activity was determined in blood and brain
samples from dams and fetuses on GD 20 and from two male and two female pups/litter
which were dosed on lactation days 11-21. Blood was collected under light isoflurane
anesthesia from the retro-orbital sinus {dams and 21-day old pups) or, umbilical cord (GD 20
fetuses). Samples for GD 20 dams and fetuses were collected 3 hours post-dosing and pooled
separately for male and female fetuses in each litter. Blood samples were obtained from 21-
day old pups 2 hours post-dosing. Rationale for chosen sampling times was not provided.
Following blood collection, the brains were removed and weighed. Plasma, RBC, and whole
brain cholinesterase activity was determined by a modified Ellman method.

Postmortem observations:

Maternal animals: On GD 20, maternal animals were sacrificed (after blood sampling) by
carbon dioxide inhalation and subjected to gross necropsy. The reproductive tract was
examined for numbers of corpora lutea, implantation and resorption sites, and number and
distribution of fetuses. Brains were removed and weighed. Dams that had been allowed to
litter were sacrificed on or about lactation day 21 and examined grossly; the number of
implantation sites was recorded. Females with total litter loss were sacrificed on the day of
litter loss, and the mumber of implantation sites were recorded; a sample of mammary tissue
was examined and collected, and routine necropsy was performed. Females failing to litter
were sacrificed on presumed gestation day 25; their uterus was evaluated for implantation
sites and pregnancy status was confirmed by the Salewski staining technique.

Fetuses and Offspring: On GD 20, fetuses were dissected from the uterus and sexed; blood
samples were obtained from the umbilical cord and the brains were removed and weighed.
Pups dying during lactation were examined grossly; culled pups were discarded without
further examination. Pups treated through lactation day 21 were killed after blood sampling
by carbon dioxide inhalation and subjected to gross necropsy. Brains were removed and
weighed.

In addition, four untreated offspring were killed on lactation day 21 perfused with
glutaraldehyde and paraformaldehyde through the left ventricle. Sections of the brain were
prepared, stained, and examined by light microscopy.
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Dose-finding Developmental Neurotoxicity Study (2001) / Pape 8 of 15
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D. DATA ANALYSIS

. Statistical analyses: Gestaticnal body weight and body weight change data were analyzed by
Analysis of Variance. Due to small sample size, other parameters were not analyzed
statistically.

Indices:

Reproductive indices: The following indices were calculated for animals killed on GD 20:
Pre-implantation loss (%) = ([No. corpora lutea-No. implantations}/No. corpora lutea) x 100
Post-implantation loss (%) = ([No. implants - No. live fetuses]/No. implants) x 100

Offspring viability indices: The following viability (survival) indices were calculated from
lactation records of litters in the study:

Post-implant. survival index = (Total no. offspring born/Total no. implant. sites) x 100
Live Birth Index = (No. live offspring postnatal day 1/Total no. offspring born) x 100
Viability Index = (No. live offspring day 4 precull/No. live offspring day 1) x 100
Lactation Index = (No. live offspring day 7 or 11/No. live offspring day 4 postcull) x 100
. Positive and historical control data: Not required for this range-finding study.
RESULTS:

MATERNAL AND OFFSPRING OBSERVATIONS:

Maternal mortality and clinical and functional observations:

All animals survived to scheduled termination. Clinical signs of toxicity were limited to
post-dosing salivation observed in two mid-dose fernales on GDs 13 and 15, respectively, in
one mid-dose female on lactation day 2, and in three high-dose females on GDs 14, 16, and
19, respectively. These signs may be related to treatment, since they occurred only in
animals treated at the mid- and high-doses. However, their toxicological significance is
unclear since the sign was sporadic and eccurred in very few animals with no increase in
incidence from mid to high dose.

2. Maternal body weight and food consumption:



HED Records Center Series 361 Science Reviews - File R042084 - Page 15 of 71

Dose-finding Developmental Neurotoxicity Stady (2001) / Page 9 of 15

[DIMETHOATE/35001] Range-ﬁldlng study for Guideline OPPT $70.6300

Selected group mean body weight and food consumption data for pregnant and nursing dams
are summarized in Table 2. Body weight gains during gestation were slightly decreased in
the mid- and high-dose groups (83-88% and 74-88%, respectively, of the control levels).
Decreased weight gains in the high-dose group resulted in significantly (p < 0.01; 93-94% of
control) lower absolute body weights compared with the controls beginning on GD 10. There
were no differences in weight gain among the treated and control dams during the remainder
of treatment (lactation days 1-11). During the post-dosing interval (LD11-21), treated dams
tended to gain weight while controls lost weight, resulting in final absolute body weights
that were similar for all groups. There were no apparent differences in body weights or body
weight gains between the control and low dose groups.

Food consumption in the high-dose group was slightly reduced throughout the treatment
interval (approximately 88-91% of the control levels). No other effects on food consumption
were observed.

15
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TABLE 2. Selected matfernnl bod?' weight and t:ood consumption data
during gestation and lac:t:on
Study Interval/Endpiont 0 mg/kg/day 0.2 mg/kg/day 3 mg/kg/day 6 mg/kg/day
—tGestation (n =14-15) =]
Body wt. GD 0 (g) 24713 244 %15 250+ 12 24112
Body wt. GD 6 (g) 289+ 17 281+17 286+ 16 27513
Body wt. GD 14 (g) 337+21 330+£23 32821 314** £ 16 (93)
Body wt. GD 20 (g) 420+ 26 408 35 400 £ 28 389** + 24 (93)
Wt. gain GD 0-6 (g) 43+9 37+10 37x8 355
Wt. gain GD 6-20 (g) 130+ 14 127422 114** x 14 (88) 114** + 15 (§8)
Foodoons.GDO—'Z 27+3 262 27+3 25+4
(efrat/day)
Food cons. GD 6-9 31+3 30+3 29+4(94) 28+4(90)
1§ (g/rat/day)
Food cons, GD 17-19 33+3 32+4 30+3(91) 29+ 3 (88)
(g/rat/day)
Lactation (n = 3-10)
Body wt. day 1 (g) 329+ 21 318+18 311422 299+ 16 (91)
Body wt. day 11 (g) 36525 359+ 17 342+ 15 331+22(91)
Body wt. day 21 (g) 348 +22 351+32 341+ 26 340 %27 (98)
Wt. gain days 1-11 (g) 36+9 41+8 31+12(86) 32:12(89)
Wt. gain days 11-21 (g) -17%6 817 116 9+12
Food cons. days 1-10 50+4 483 49+4 45+ 6 (90)
(g/rat/day)
Food cons. days 11-20 75%6 755 74+4 71+ 8 (95)
| (g/rat/day)

Data taken from Tables 2-7, pp. 52-57, MRID 45529701,
"Number in parentheses is percent of control; calculated by reviewer.
Significantly different from control: *p < 0.05; **p < 0.01,

3. Reproductive performance and litter observations: The reproductive performance of
animals killed on GD 20 is summarized in Table 3. No differences were observed at any

dose between the treated and control groups for mean numbers of corpora lutea,
implantations, live fetuses, resorptions, fetal body weights, fetal brain weights, or fetal sex

ratios.

il
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Endpoint 0 mg/kg/day 0.2 mg/kg/day
No. dams 5 5
No. with live young 5 5 5 5
" Corpora lutea/dam 150+ 16 172+43 16.0+2.5 150+12
Implantations/dam 158=1.1 152+ 1.8 152+£2.3 146+ 1.5
Live fetuses/dam 154+ 1.5 146+1.5 13.6+0.5 142413
Total resorptions/dam 0.4 0.6 1.6 04
Pre-implentation loss (%) 0.0 124 6.1 27
Post-implantation Yoss (%) 27 kR 94 25
Fetal body wt. (p=5) 3.77£0.25 3.76 £0.21 3.79+£033 31971025
Fetal brain wt. (n=5/sex)
Males 0.169+0.01 0.164+0.01 0.157+0.01 0.172+0.01
Fernales 0.162+0.01 0.160+0.61 0.156+0.01 0.165+0.01 |
Sex ratio (% male) 369 36.0 486 370 )

Data taken from Tables 1, 9, and 10, pp. 51, 59, and 60, respectively, MRID 45529701,

Reproductive and litter data for dams allowed to litter and rear their young are given in Table
4a. No differences were observed between the treated and control groups for pregnancy rate,

mean numbers of implantations, total litter size, or pup sex ratios. Pup survival was reduced

in the high-dose group mainly during lactation days 1-4 (see Table 4b) resulting in lower live
birth, viability, and lactation indices. Also as a result of decreased pup survival, the live litter
size on day 1 was reduced for the high-dose group compared with the control group. Pup
body weight gain in the high-dose group was decreased during early lactation resulting in
Iower absolute body weights throughout lactation. Body weight gains by the high-dose pups

were similar to the control levels from PND11-21 (for both treated and untreated pups), but

did not compensate for the initial reduction.

7



HED Records Center Series 361 Science Reviews - File R042084 - Page 18 of 71

Dose-finding Developmental Neurotoxicity Study (2001) / Page 12 of 15
[DIMETHOATE/035001] Range-finding study for Guideline OPPT 870,6300

TABLE 4a. Reproductive performance of females allowed to litter
A Endpoint 0 mg/kg/day 0.2 mg/kg/day 3 mg/kg/day 6 mg/kg/day

e —— — e o b

bl

No. Females 10 10 10 10
Not pregnant 0 1 1 0 ﬂ
Gestation length (days) 223 221 222 221 ﬂ
No. live litters 10 9 9 10
Gestation index (%) 100 100 100 100
lNo. with live at weaning 10 9 9 8
Total litter loss 0 0 ] 2
Implants/dam 153+18 152+12 154 £2.1 155£1.8
Total litter size (day I) 144+ 16 142227 143+ 17 14.1+20 H
Live litter size
day 1 14215 142427 142+16 124+3.5
day 4 (precull) 13.0+1.7 14.1+£27 138+ 1.7 117242
day 11 8000 8.0+00 79+£03 3.0+ 0.0
L Live Birth Index (%) 98.7 100 993 872
Viability Index (%) 97.8 99.3 96.3 715
Lactation Index day 11 100 100 98.7 839
(%)
Sex ratio at birth (% 522 48.3 57.6 528
male)
Pup body wt. - male®
day 1 72+07 62+07 6.60.7 590682y
day 11 25117 23.7+£30 255+24 20.6 £3.9(82)
day 21 52754 494+ 6.6 51.0%4.1 444+ 8.0(84)
Pup wt. change - male?
days 1-11 18.0£1.7 17.5+25 189£22 14.7+ 3.6 (82)
days 11-21 275%39 257142 255427 238+44(87
Pup body wt. - female?
day 1 6.8+09 58+0.7 6205 5.9+0.8(87)
day 11 239+£15 21+29 243+21 204 +£3.5(85)
day 21 49546 464+ 6.1 49.0+42 44.5 7.1 (90)
Pup wt. change - female®
days 1-11 17.1+ 1.6 163 +2.6 18.1+19 14.5 = 2.8 (85)
days 11-21 25.6+3.4 243%35 24727 24.1 +£4.0 (94)

e e e o
Data faken from Tables 1, 8, 12-14, 19, 20, 23, and 24, pp. 51, 58, 62-64, 69, 70, 73, and 74, respectively, MRID
45529701.
Inciudes treated pups only (n=15-20 for males, 14-20 for females).
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Table 4b. Postnatal Pup Mortality *

Number of pups (number of litters); n=9-10 litters.

M bose Days of Lactation Total
{mg/kg/day) litter loss
14 5-11 1-11 11-21 1-21
e
0 (Control) 5(4) (1) 5(4) o 5(4)
02 (LDT) 1() 0(0) 1) 0 K1) 0 j)
3.0 (MDT) 5(4) (1) 6(4) 0 6(4) o |
leo aon | 380y | 1w | 0 2 | am | 209 |

4. Postmortem results: No treatment-related gross lesions were observed in dams killed on GD
20 or in dams and pups killed on lactation day 21. Brain weight data for 21-day old pups are
given in Table 5. No differences in brain weight were found among treatment groups.

TABLE 5. Absolute and relative brain weights of 21-day old pups
LWeight 0 mg/kg/day 0.2 mg/kg/day 3 mg/kg/day 6 mg/kg/day
e ———— e ——
Male (n=15-20)
Body weight (g) 52+49 50+ 6.8 5142 44+81
Absolute brain wt. 1.496 + 0.092 1.462 + 0.082 1.492 £ 0.046 1.438 + 0.082
& :
Relative brain wt. 2.894  0.289 3.000 £ 0.405 2.943 £ 0218 3.363 £ 0.507
(% body wt)
Female (n=14-20)

{| Body weight (g) 49+45 4757 49442 4£69
Absolute brain wt. 1.447 + 0.061 1397+ 0.071 1468 £ 0.052 143120073
®
Relative brain wi. 29730257 3.035 £ 0.301 3.019+0.227 3333+ 0438
(% body wt.) _

Data taken from Table 27, p. 77, MRID 45529701.

B. (0) TERASE A ITY: Plasma, RBC, and brain cholinesterase activity levels

for dams and offspring are given in Table 6. At 6 mg/kg/day, there was substantial inhibition
in all compartments for all groups tested. The percent inhibition was fairly consistent for
plasma (57-79%) and RBC (70-96%); brain showed somewhat more variability, with less
inhibition in fetuses (35-42%) than in pups {(55-66%) or dams (88%). Inhibition was also

1«



HED Records Center Series 361 Science Reviews - File R042084 - Page 20 of 71

Dose-finding Developmental Neurntoxicity Study (2001) / Page 14 of 15

[DIMETHOATE/O35001] Range-finding study for Guideline OPPT 870.6300

seen in all compartments at 3 mg/kg/day (25-75% for plasma, 60-82% for RBC, and 22-75%
for brain). The only inhibition seen ai 0.2 mg/kg/day was in fetuses (12-20% inhibition in
plasma, 30% inhibition in RBC [females only]). As noted above, data were not statistically
analyzed; small sample sizes may have contributed to some of the variability, especially for

dams and fetuses.
- TABLE 6. Cholinesterase activities
0.2 mg/kg/day 3 mg/kg/day ___I 6 mg/kg/day
Gestation day 20 T
Dams (n=5) E
Plasma (U/L) 1255 = 180.5 1374+ 167.6 9391 218.6 (25) 545654 (5T) R
REC (UL} 1245+ 131.6 1205+ 77.9 275 £25.0 (78 190 £ 28 5 (85) “
Brain (Ukg) 12710 + 13339 12680 + 640.9 3240+411.4(75) | 1580+ 195.6 (88)
Male fetuses (n=2-5 [plasma], 5 [RBC end brain])
Plasma (U/L) 233x11.7 186 & 105.6 (20) 581 81.3(75) 48 + 31.9(79)
RBC (UL) 930 +£419.2 1000 +£237.2 280 +253.4 (70) 120+ 120.4 (87)
ﬂ - Brain (U/kg) 2150 + 562.4 2320 +675.1 1670 + 564.1 (22) 1390 4 780.5 (35)
H Female fetuses (n=3-5 [plasma}, 5 [RBC and brain])
]] ~ Plasma (U7L) 2394 14.7 210+ 84.8 (12) 81+ 69.9 (66) 6535.0 (73)
RBC (U7L) 1165 £ 5439 820 + 282 (30) 215+ 141.0(82) 50+ 111.8 (96)
Brain (Urkg) 1970 £ 288.5 2100 = 371.8 1500 + 500.0 (24) 1140 £ 638.7 (42)
Lactation day 21
Male pups (n=15-20; up to 2/itter) »
Plasma (U/L) 535+ 56.0 554 + 88.7 329+ 44.5(39) 213+ 512 (60)
RBC (UL) 1504 £ 2832 1475 + 248.4 608 + 246.7 (60) 447 1 4320 (70)
Brain (U/kg) 10555 + 623.3 9942 + 614.1 5839+ 749.6 (45) | 4720+ 16545 (55)
Female pups (n=14-20; up to 2/litter)
Plasma {U/L) 494 + 39.0 529+ 81.1 294 + 48.0 (40) 198 £ 57,5 (60)
RBC (U/L) 1464 + 3813 1426 + 523_.5 511%152.2 (65) 288 + 128.1 (80)
Brain (Ukg) 933827096 9886 £ 4452 é{l 4 _3:1556_7 (42) 3186 + §273 :(66)

TS ssooos
Data taken from Tables 28-32, pp. 78-82, MRID 4552970 1.
“Number in parentheses is percent inhibition; calculated by reviewer using %l = {(control - treated)/control] x 100
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IT1. DISCUSSION:

This study was conducted as a range-finding study to select doses for a developmental
neurotoxicity study on dimethoate. In the current study, pregnant dams were treated by gavage
with 0, 0.2, 3.0, or 6.0 mg/kg/day from GD#6 through LD10; 2 pups/sex/litter were then dosed by
gavage, using the same dose levels, from LD11-21, Pups and dams were observed for clinical
signs, body weight and food consumption were measured, and cholinesterase inhibition was
evaluated in brain, plasma, and RBCs on GD20 (dams and fetuses) and on LD21 (pups).
Statistical analyses of the data were very limited, so most conclusions below are based en
qualitative comparison of the results from various groups.

All three doses were well tolerated by pregnant dams, with only a slight decrease in body weight
during gestation at 3.0 mg/kg/day, and a slightly larger decrease in body weight gain along with
a slight decrease in absolute body weight at 6.0 mg/kg/day. Cesarean section data showed no
changes in litter parameters (including the number of live fetuses and fetal weight) at GD20 for

any dose group.

Maternal animals also showed no significant toxicity during lactation, with no apparent
differences in body weight or body weight gain among treatment groups. However, there was a
decrease in pup survival during early lactation (primarily lactation days 1-4) at 6.0 mg/kg/day,
indicating excessive toxicity to pups at that dose. This excessive toxicity appeared to. be limited
to pre-natal or early lactational exposure; there was no indication of increased toxicity to pups
during the time they were being directly dosed (LD11-21). Pup body weight gain was slightly
decreased at the high dose during early lactation, but there was no difference during the direct
dosing period, and there was no difference in body weight gain during late lactation when treated
and untreated littermates were compared. .

Cholinesterase inhibition was seen in all compartments at 3.0 and 6.0 mg/kg/day (22-82%
inhibition at 3.0 mg/kg/day; 35-96% inhibition at 6.0 mg/kg/day). At 0.2 mg/kg/day,
cholinesterase inhibition was limited to plasma (12-20% inhibition) and RBC (30% inhibition,
females only) in fetuses. No inhibition in any compartment was seen in pups (at PND21) or
dams (at GD20) dosed with 0.2 mg/kg/day. Cholinesterase inhibition data were not statistically
analyzed, and the sample sizes were small for some measurements, so the interpretation of the
results at the low dose will not be discussed here.

This study is classified Acceptable/Non-guideline as a range-finding study and does not satisfy
the guideline requirement for a developmental neurotoxicity study in rats (OPPTS 870.6300,
§83-6). The study does provide adequate support for the doses chosen for use in the main
developmental neurotoxicity study. The results from the current study must be evaluated in
context of the developmental newrotoxicity study (MRID 45529703) and the cholinesterase stud
(MRID 45529702). -

=l
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DATA EVALUATION RECORD
STUDY TYPE: Special Study, Effects on Cholinesterase in Adult and Juvenile CD Rats,

Companion Study to DNT Study 870.6300.

PC CODE: 035001 ' DP BARCODE: D278940
: SUBMISSION NO.: S 605760

TEST MATERIAL (PURITY): Dimethoate (99.1%)
SYNO S:  Phosphorodithioic acid, O, O-dimethyl S-[2-(methylamino)-2-oxoethyl] ester

CITATION: Meyers, D. (2001) Dimethoate: Effects on cholinesterase in the CD rat (adult and
juvenile) by oral gavage administration. Huntingdon Life Sciences, Ltd., Woolley Road,
Alconbury, Huntingdon, Cambridgeshire, PE28 4HS, England. Doc. No. CHV 070/012226.
September 27,2001. MRID 45529702. Unpublished

SPONSOR: Cheminova A/S, P.O. Box 9, DK-7260 Lemvig, Denmark
EXYCUTIVE § Y:

In a special neurotoxicity study (MRID 45529702), dimethoate (99.1% a.i., batch/lot # 20522-
00) was administered to groups of Crl:CD® (SD) IGS BR rats by gavage at dose levels of 0.0,
0.1, 0.5 or 3.0 mg/kg bw/day. Treatment groups consisted of 9 pregnant dams treated from GD 6
through GD 20 and terminated; 10 pregnant dams treated from GD 6 through PND 10 followed'
by treatment of 1 male and 1 female offspring/litter on PND 11 through PND 21; groups of 8
untreated dams whose offspring were treated on PND 11. In addition, groups of 16 adult male
and female rats were treated with dimethoate for 11 days. Although the study investigated the

effect of the test material on developmental criteria such as reproductive performance, gestation,

fetal viability, etc., the primary purpose was to determine the effect of dimethoate on blood and
brain cholinesterase activities in adult male and female rats, pregnant dams, fetuses, and
offspring following both acute and repeated exposures.
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No significant treatinent-related effects were found on any reproductive or developmental
parameters. In addition, the test material did not increase mortality, or cause clinical signs of
toxicity in adult male and female rats, fetuses or offspring at any dose. No histopathology of the
nervous system was scen in five offspring examined after PND 60.

For almost all groups of adult animals, pregnant dams, fetuses, and pups, dimethoate doses of
3.0 mg/kg/day significantly decreased the activities of plasma, red blood cell (RBC), and brain
cholinesterase following acute or multiple daily doses of dimethoate. Acute doses of 0.5 mg/kg
caused no significant effects. Repeated exposure to 0.5 mg/kg caused significant inhibition in
brain ChEs in dams, fetuses, and nursing pups. By day 60, all ChE levels had recovered. No
consistent difference in sensitivity to ChEI was found following acute or repeated exposures.

For acute exposures:
the LOAEL for brain ChEI is 3 mg/kg (adults and pups of both sexes);
the LOAEL for red blood cell ChE] is 3 mg/kg (adults of both sexes); and
the LOAEL for plasma ChEI is 3 mg/kg (male pups and male aduits).

The acute NOAEL for ChEI in all compartments is 0.5 mg/kg for both adults and
offspring.

For repeated exposures:
the LOAEL for plasma ChEI is 3 mg/kg/day (adults and effspring of both sexes);
the NOAEL for plasma ChEI is 0.5 mg/kg/day;

the LOAEL for red blood cell ChEI is 3 mg/kg/day (adults and offspring of both sexes);
the NOAEL for red blood cell ChEl is 0.5 mg/kg/day;

the LOAEL for brain ChEI is 0.5 mg/kg/day (adulis and offspring of both sexes);
the NOAEL is 0.1 mg/kg/day;

The repeated exposure NOAEL for ChEI is 0.1 mg/kg/day based on brain ChEl in
adults and offspring.

This study is classified acceptable/nonguideline for the determination of plasma. RBC, and brain
cholinesterase activities following treatment with dimethoate in adult, fetal, and juvenile rats.

COMPLIANCE: Signed and dated GLP, Quality Assurance, Flagging and No Data
Confidentiality statements were provided.
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I. MATERIALS AND METHODS

A. MATERIALS:

1. Test Material: Dimethoate
Description: white solid
Lot/Batch #: 20522-0D
Purity: 99.1 %ai.
Compound Stability: 5 years (stored frozen during study)
CAS # of TGAIL: 60-51-5
CH; O\ Pés
! —_—
cu;—o/ s—C—C—H-CH,

H,
2. Vehicle and/or positive control: purified water/no positive control was used in this study.

3. Test animals (P):

Species: rat

Strain: Crl:CD® (SD) IGS BR

Age and wt. at study Virgin Females - 10-11 weeks - 216-260 g; Male and females, 7-8 weeks, males 221-286 g,

initiation: females 166-210 g

Source: Charles River UK Ltd,, Margate, Kent, England

Housing: stainless steel or polypropylene cages with wire mesh floors. Woed shavings used for
bedding from late gestation onwards

Diet: Certified UAR VRF1 pelleted rodent diet, Charles River UK Ltd., ad libitum

‘Water: tap water, ad libitum

Enviroomental Temperature: 19-25°C

conditions: Humidity: 40-70%
Air changes: 15Mr
Photoperiod: 12 hrs light/dark

Acclimation period: Virgin Females ~ 9-10 weeks - at least § days; Males and females - 5-6 weeks - at least 12
days

B. PROCEDURES AND STUDY DESIGN

1. Ib life dates - Start: July 10,2000 End: October 3, 2000

2. Study Design: Table 1 shows the treatment groups allocated for the study.
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Table 1. Study Design

e i L — ss———
Dimethoate Dose | Number of Treatment
(mp/kg/day) anlmals/sex
0 19F Nine treated from GD 6 to GD 20; Ten treated from GD 6 to PND 10 with
offspring from 8 litters treated from PND 11through PND 21
ol (o F Nine treated from GD 6 to GD 20; Ten treated from GD 6 to PND 10 with u
. offspring from 3 litters freated from PND 11through PND 21
0.5 I9F Nire treated from GD 6 to GD 20; Ten treated from GD 6 to PND 10 with
. offspring from 8 of the litters treated fram PND | 1through PND 21
10 19F Nine treated from GD 6 to GD 20; Ten treated from GD 6 to PND 10 with
) offspring from B litters treated from PND 11through PND 2t
0 8F No treatment of dams. On PND 11, one male and one female offspring/litter
were treated with 0.0, 0.1, 0.5, or 3.0 mg/kg dimethoate.
0 16 E/6 M Eight male and femates were treated for one day; cight male and females
treated for 11 consecutive days. .
Eight male and females were treated for one day; eight male and femates
“ 7 01 L6FIl6M treated for 11 consecutive days.
Eight male and females were treated for one day; cight male and females
u 8 0.5 16FII6 M treated for 11 consecutive days.
Eight male and females were treated for one day; eight male and fenmales
!1 9 30 I6F/l6M treated for 11 consecutive days. .

Data from pp 22-23 of MRID 45529702

3.

Mating procedare: Females were paired on a 1:1 basis with stock males of the same strain.
Each momning following pairing, the trays beneath the cages were checked for ejected
copulation plugs and a vaginal smear was prepared from each female and examined for
spermatozoa. The day a vaginal smear tested positive for sperm or at least three copulaticn
plugs were found was designated GD 0.

Animal Assignment: Mated female rats in Groups 1-4 (Table 1) showing unequivocal
evidence of mating were allocated to group and cage positions in sequence to ensure animals
mated on any one day were evenly distributed.

Male and female rats in Groups 6-9 were allocated based on sex and weight (S5g blocks).
Rats were randomly selected from each block by rotating to compose the treatment groups.

Offspring from mated female rats in Group 5 were assigned to one of the four treatment
groups as follows: one male and one female pup from each litter with the lowest within-litter
identity munbers for each sex were assigned to the control group; one male and one female
pup with the second lowest identity number were treated with 0.1 mg/kg test material; one
male and one female pup with the third lowest identity number were treated with 0.5 mg/kg
test material; and one male and one female pup with the highest identity number were treated
with 3.0 mg/kg test material.

e
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S.

Dose selection rationale: Doses were selected by the Sponsor based on a dose-finding study
in CD rats (MRID 45529701). The 3.0 mg/kg dose was chosen as the high dose based on
reduction of maternal body weight gain during gestation and a decrease in cholinesterase
(CHE) activity in dams, fetuses, and offspring. Increased pup mortality was seen at 6 mg/kg.

6. Dosage administration: All single or multiple doses were administered to the adult males

and females, mated dams, and selected offspring in the groups shown in Table 1 by daily oral
gavage at a volume of 5 mI/kg/day calculated from the most recent body weight.

Dosage preparation and analysis: Formulations were prepared weekly. The highest con-
centration (0.6 mg/ml) was prepared by adding the required amount of test substance to an
appropriate amount of water and mixing with a magnetic stirrer. The lower concentrations
were prepared by serial dilution. Prior to the start of the study, homogeneity and stability of
the test substance was evaluated as part of the Developmental Neurotoxicity study; these data
were not included in the current report. Samples were obtained from solutions prepared for
use during the first week of treatment and the first week of lactation for determination of test
material concentration.

Results - Homogeneity Analysis: data not included

C.

1.

Stability Analysis: “Shown to be stable for up to 2 days at ambient temperature or 15 days at
4°C;” data not included.

Concentration Analysis: All doses were within 1.7% of nominal.

The analytical data indicated that the mixing procedure was adequate and that the difference
between nominal and actual dosage to the study animals was acceptable.

OBSERVATIONS

In-life observations

a. Aduit animals: All animals were checked at least twice daily for clinical signs or ill
health. In addition, gross observations of all rats were made: prior to treatment, as each
animal was returned to the cage, at the end of dosing for each group, between 1 and 2
hours after completion of dosing, and as late as possible during the work day.

Adult males and females in Groups 6-9 were weighed on the day before initial treatment
and daily thereafter until study termination. Mated females were weighed on GDs 0, 3, 6,
10, 14, 17, 20, and daily thereafter until parturition. During lactation, females were
weighed on PNDs 1,4, 7, 11, 14, 17, and 21.

R
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b. Offspring: The day of completion of parturition was designated as lactation day (post-
natal day) 0. Live pups from each litter were counted and weighed individually on PNDs
1,4,7,11, 14, 17, 21, 28, and weekly until study termination on PND 60. Gross observa-
tions of all offspring were made on each day of dosing, prior to treatment, as each animal
was returned to the cage, at the end of dosing for each group, between 1 and 2 hours after
completion of dosing, and as late as possible during the work day. Selected F1 offspring
were subjected to weekly full physical examinations from weaning through study

termination.

Daily records were kept on litter mortality and size. On PND 4, litters were standardized
to 8 pups/litter (4/sex/litter, when possible). The sex of offspring was determined on
PND 1, 4, and 21 (Groups 1-4 - Table 1), and PNDs 1, 4, and 11 (Group 5)

2. Termination Schedule and sample collection _
Adults and/or offspring were terminated according to the schedule shown in Table 2.

Table 2. Termination Schedule

Group (s) | Day Samples Animals Jﬂ

1-4 GD 20 Blood/brain | 8 dams/group and fetuses. Dams were killed 3 hours after dosing.

1-4 PND 4 Blood/brain | Up to 2 male and 2 female pups in each litter were killed 4 hours after dosing of the

dam,

5 PND 11 | Blood/brain | All offspring in each litter were killed 2 hours after dosing.

6-9 Day | Blood/brain | 8 males and 8 females/group were killed 2 hours after dosing,

1-4 FND 21 [ Blood/brain | One male and one female offspring in each litter (up 1o 8 litters/group) were killed
L 2 hours after dosing
ﬁi‘) Day 11 Blood/brain | 8 males and 8 females/proup were killed 2 hours afler dosing. 1
f1-4 PND 60 | Blood/brain_| 8 males and 8 females/group killed ]

Data from p 27, MRID 45529702

Blood samples were collected from the retro-orbital sinus under light isoflurane anesthesia
(all adults and PND 21 pups) or from the umbilical cord (GD 20 fetuses). Blood samples

from fetuses within each litter were pooled prior to analysis. Blood samples from PND 4 and
PND 11 pups were collected following decapitation. AH bleod samples were collected with
heparin as the anticoagulant. Samples were packed on water ice and taken to clinical
pathology for processing and centrifugation. Resulting samples were stored at -80° C and
shipped in dry ice to Huntingdon Research Centre for analysis.

With the exception of PND 4 and PND 11 pups sacrificed by decapitation, all adult and off-
spring were sacrificed by CQO, inhalation. The adult and pup brains were removed, weighed,
wrapped in aluminum foil and quick frozen in liquid nitrogen. GD 20 fetuses were sacrificed
by chilling on a cool plate and the brains were removed, pooled/litter, weighed, and flash
frozen in aluminum foil. All samples were stored at -80°C until analysis.

6
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3.

E.

Cholinesterase determination

Cholinesterase assays were done on all red blood cell (RBC), plasma, and brain samples. All
cholinesterase assays were done on a Hitachi 911 clinical analyzer. Erythrocyte
cholinesterase activity was measured by following the hydrolysis of acetylthiocholine to
thiocholine and its subsequent reaction with 6,6'-dithiodinicotinic acid (DTNA) to form a
colored product. Although not reported, it is assumed the reaction was monitored at 340 nm.
Plasma and brain cholinesterase activity were measured by following the action of thiocho-
line on 5,5'-dithiobis-2-nitrobenzoic acid (DTNB) to form a colored product. Although not
reported, it is assumed the reaction was monitored around 410 nm.

Necropsy procedures

All animals underwent a detailed macroscopic examination. In addition, the reproductive
tract of adult GD 20 females, complete with ovaries, was dissected out and the following
recorded: number of corpora Iitea in each ovary, number of implantation sites, number of
resorption sites (classified as early or late), and the number, distribution, and sex of fetuses in
each uterine horn.

Five offspring recetved an intraperitoneal injection of a barbiturate on PND 61. The heart
was exposed in situ to permit gravity perfusion with glutaraldehyde and paraformaldehyde
via the left ventricle.

Following sacrifice by perfusion, the brain and the sciatic and tibial nerves were removed
from five PND 61 pups/group and processed for microscopic examination. Fixation was
completed by immersion in glutaraldehyde and paraformaldehyde. 4-5 pm sections of the
brain were cut and stained with H&E. 2pum sections of sciatic and tibial nerves were cut and
stained with toluidine blue. Examinations included coronal sections of the olfactory lobes,
forebrain, cerebrum, hippocampus, thalamus, hypothalamus, tectum, tegmentum, and
medulla oblongata, and mid-sagittal sections of the cerebellum/pons. Longitudinal and
sagittal sections were prepared of the tibial and sciatic nerves.

DATA ANALYSIS

1. Statistical analyses: On parametric data, statistical evaluations were done by ANOVA

followed by Williams’ test. Nonparametric data were evaluated by the Kruskal-Wallis test
followed by Shirley’s test. The basic sample unit for litter data was the litter. Where 75% or
more of the values for a given variable were the same, Fisher’s exact test was used. For all
statistical analyses, the level of significance was p < 0.05.

X7
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2. Indices:

a. Reproductive indices: The following indices were calculated for animals killed on GD 20:
Pre-implantation loss (%) = ([No. corpora lutea-No. implantations]/No. corpora lutea) x 100
Post-implantation loss (%) = ([No. inplants - No. live fetuses}/No. implants) x 100

b. Offspring viability indices: The following viability (survival) indices were calculated from
lactation records of litters in the study:

Gestation index = No. of live liﬁers born/number pregnant x 100

Post-implant. survival index = (Total no. offspring born/Total no. implant. sites) x 100
Live Birth Index = (No. live offspring day 1/Total no. offspring born) x 100

Viability Index = (No. live offspring day 4 precull/No. live offspring day 1) x 100
Lactation Index = (No. live offspring day 7 or 11/No. live offspring day 4 postcull) x 100
. RESULTS

A. Mortality and clinical and functional observations:

All adult animals survived to individual group termination. Pup survival is shown in Table 3.

No treatment-related clinical signs of toxicity were observed in adults or in offspring during
lactation.

B. Body weight and food consumption:

No treatment-related effects were found on adult male or female rats, fetuses, or offspring for

body weight or body weight gain. Pup weights from treated dams are shown in Table 3.

C. Reproductive performance and litter dats: The reproductive performance of dams allowed

to litter is summarized in Table 3. No differences were observed between the treated and
control groups for mean numbers of corpora lutea, implantations, live fetuses, resorptions,
fetal body weights, or fetal sex ratios. In addition, no differences in gestation, viability, or
lactation indices were reported. '

20
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TABLE 3. Reproductive Performance and Offspring Survival from Treated Dams®
e

e ey
Dose (mg/kp/day)
Observation 0 | o1 | s 30
GD 20 Cesavean Section
No. Dams {Litters) 9 9 9 9
Corpora Lutea 163+1.9 16.1x1.4 16317 166+ 1.8
Implantations 14819 16.0+ 1.7 153%13 16213
Mean Total Resorptions 0.6 2.6 08 09 ||
Live Fetuses 14224 134 £47 146+16 153+ 19 ﬂ
Mean Pre-implantation Loss (%) 8.3 2.1 6.5 3.1
Mean Post-implantation Loss (%) 41 16.1 52 57
Feial Weight (g) 389+0.19 | 3944018 | 3932031 406+023 |
Natural Defivery |
No. Dams (Litters) 3 10 10 10
Mean Gestation Length (days) b 2.1 222 224 222
Gestation Index (%) 100 100 100 100
Live Liiter size
Day 1 133114 142419 133£38 13.7+23
Day 4 (precull) 13314 140+2.0 13.1+338 13.6+28
Day 11 80100 8.0=0.0 77%09 78+04
Pup Deaths
Birth (Stillbarn) 0 0 0 0
Days 1-4 0 2 2 i
Days 5-11 0 o 0 1
Live Birth Index (%6) 100 10¢ 100 100
{ Viability ladex (36) 100 98.5 98.5 993
|| Lactation Index (Day 11) (%) 100 100 100 98.8
| Post-implantation survival index (%) 91.1 888 89.6 97.5
ﬂ Pup Body Wt. (Male) :
Daylc 66+06 6.4+0.5 66+10 6.7+1.0
Day 4 (precull) ¢ 97211 9608 1004 1.1 9913
Dayllc 25.6+22 25718 256+ 1.5 252430
Day 14d 334428 32.8%3.7 33.1+20 322432
I Dawyald 517255 | 513264 | S516%31 S15+53
Pup Body Wi. (Female)
Daylc 6.4+06 6103 62+10 6210
Day 4 (precull) ¢ 02+1.0 9208 94412 9615
Dayll¢c 244124 24712 245+ 1.8 244131
Day 144 32430 32319 32.14£22 319439
Day21d 49.6 % 5.1 50.5+39 49.8+43 50.1£6.2

a Data obtained from pages 74, 75, 16, 78, 79, 80, 81, 83, 85, 89, and '155-159 in MRID 45529702

b Calculated by reviewer. ¢ Includes all pups in litter, prior to direct dosing. d Includes only pups that were directly dosed.

D. Postmortem Results: No grossly observable treatment-related postmortem abnormalities
were observed at necropsy in adult male or female rats, fetuses, or offspring.
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E. Brain Weights: No treatment-related effects were found on the brain weights of treated

dams, adult male and female rats, fetuses, or offspring. Fetal and pup brain weights are
shown in Table 4.

TABLE 4. Offspring Brain Weight (g) ®

Dose (mgfkg/day)

Observation 0.0 0.1 05 38
GD 20 Fetuses (n = 8) 0.163 +0.01 0.161+0.01 0.164£0.01 0.167+0.01
PND 4

Male (=19, 15, 14, 17) 0402+ 0.049 | 0.400+0.027 | 0.404 £0.039 | 0.39910.031

Female (n= 13, 16, 12, 16) 0.387+0.026 | 0.368+0.031 | 0.381+0.046 | 0.386%0.024
PND 11 (Group 5) (n= 8)

Male 1.05520.065 | 1.057+0.054 | 1.065+:0.082 { 1.054+0.081

Female - 1049+ 0066 § 1.035:0069 1 101520060 | 1.041:0.045
PND 21 (n=8)

Male 15020050 | 1.484x0.077 | 1.479+0.055 | 1.458+0.040

Female 1459+ 0.070 | 1.467+0.059 | 1453+ 0.039 | 1.436+0.063

20130081 | 1.972+0.100 | 1.994+0.076 | 1.992+0.053
Female 1833 +0.064 | 1.386 1859+ 0.056 | 1.816+0.076

F.

G.

*Data abtained from pages 93-96 in MRID 45529702

Brain and Nerve Histopathology: No treatment-related lesions were observed in the brajn
or nerve tissue of five pups examined on PND 61.

Cholinesterase Activity: The plasma, RBC, and brain cholinesterase activities of treated
adult male and female rats, fetuses, and offspring are shown in Table 5.

1. Acute exposures

In adults, acute exposure to 3 mg/kg caused statistically significant cholinesterase inhibition
in plasma in males, in red blood cells in both sexes, and in brain in both sexes. Exposure to
0.5 mg/kg caused slight but statistically significant inhibition in brain in adult males (3.6%).
No effects were seen at 0.1 mg/kg.

In pups, acute exposure to 3 mg/kg caused statistically significant cholinesterase inhibition in
plasma in males, in brain in both sexes, but no significant effects on ChEs in red blood cells,
though in females ChEs were inhibited by 26% in relation to controls. In pups, acute
exposure to 0.5 mgrkg caused slight but statistically significant cholinesterase inhibition in
brain in males (5.1%), and no statistically significant inhibition in plasma or RBCs. No
effects were seen at 0.1 mg/kg.

The statistically significant effects of acute exposures on brain ChEI at 0.5 mg/kg in both
adults and pups (4-5%) while treatment related, represent a minimal effect level and are
therefore concluded to be an NOAEL.

10
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There were no pronounced or consistent differences seen between pups and adults after acute
exposure, in the level of ChEI in any compartment, i.e., sensitivity, and the
LOAELs/NOAELSs were the same.

2. Repeated Exposures
tal o Dams: tion Day 6-20

In dams on Gestation Day (GD) 20, 3 mg/kg/day caused statistically significant
cholinesterase inhibition in plasma , red blood cells, and brain. 0.5 mg/kg/day caused
statistically significant cholinesterase inhibition only in brain (10%). No effects were seen at
0.1 mg/kg/day.

In fetuses on GD20, 3 mg/kg/day caused statistically significant cholinesterase inhibition in
plasma, red blood cells, and brain. 0.5 mg/kg/day caused statistically significant ]
cholinesterase inhibition only in brain (10%). 0.1 mg/kg/day also caused statistically
significant brain cholinesterase inhibition {12%). ‘

B. 11 days of exposure-Adults

3 mg/kg/day caused statistically significant cholinesterase inhibition in plasma in males, in
red blood cells in both sexes and in brain in both sexes. 0.5 mg/kg/day caused statistically
significant cholinesterase inhibition only in brain (10% males; 13% fernales). 0.1 mg/kg/day
had no effect on ChEI in any compartment.

C. Prenatal and postnatal maternal exposure

In PND 4 pups, maternal exposure of 3 mg/kg/day caused statistically significant
cholinesterase inhibition in plasma in females, in red blood cells in males, and in brain in
males. Inhibition was considerably less than had been seen in the fetuses on GD20,
suggesting recovery and/or a lessening of exposure. At 0.5 mg/kg/day, there was small but
statistically significant cholinesterase inhibition in plasma in females (8%); and in brain in
males (8%). At 0.1 mg/kg/day, males pups also showed statistically significant brain ChEI
(10%).

D. Prenatal, postnatal maternal and 11 days direct exposure

In PND 21 pups, 3 mg/kg/day caused statistically significant cholinesterase inhibition in both
sexes in plasma, in red blood cells, and in brain. '0.5 mg/kg/day caused statistically
significant cholinesterase inhibition in red blood cells in females (23%) and in brain in both
sexes (13% males; 12% females). 0.1 mg/kg/day caused slight but statistically significant
cholinesterase inhibition in brain in males (4.1%).

11
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E. Day 60 - 40 days after exposure

No statistically significant differences in males were seen on plasma, RBC, or brain ChEL. In
females, slight but statistically significant inhibition in brain ChEI was seen at 3.0 and 0.5

mg/kg/day (both 4%).

Table 5. Plasma, RBC, and Brain Cholinesterase Activity in Adults, Fetuses, and Offspring

of Rats Treated with Dimethoate.
e e o

= -
Dase (mg/kg/day) H
Cholinesterase
0.0 0.1 0.5 30
Acute Exposures
il Day 1 Adult Males (Groups 6-9) , .
Plagma (U/L) 375449 387x75(-3) 364+ 64 (3) 305* £ 40(19)
RBC (UL) 1122+ 226 | 1247 £203 (-11) 1131 £ 68 (-1) 928* £ 112(17)
“ Brain (U/kg) 13,794 £ 247 } 13,544 2802 (2) | 13,294* 2241 (4) | 12,1314% + 1096 (12
Day 1 Adult Females (Groups 6-9)
Plasma (U/L) 688 + 132 657 =137 (5) 729 + 82 (-6) 602 £ 131 (12)
RBC (UL) 1209 = 168 1128 £ 109(7) 1106 + 8% (9) 881%* £ 87(27)
Brain (U/kg) 14,150+ 555 | 13,625+445(4) | 13,850 £ 687 (2) | 12,106%% + 827 (14)
PND 11 Males (Offspring of Group 5)
Plasma (U/L) ’ 756 =113 74863 (1) 688 +£49(9) 614%* £ 76 (19)
RBC (U/L) 1663 + 279 1634 + 336 (2) 1597 £ 193 (4) 1544 £ 524 (7)
Brain (U/kg) 6475 £244 6363 =236 (2) 6144* £ 360 (5) | 5375%* £290(17)
PND 11 Females (Offspring of Group 5)
Plasma (U/L) 742 =110 700 £ 120 (6) 720+ 79 (3) 609 £ 93 (18)
RBC (UL) 1997+ 620 | 16472291 (18) 1894 + 395 (5) 1475 £+ 246 (26)
Brain (U/kg) 6256 195 6350 + 338 (-2) 6125298 (2) 5144%* + 532 (18)
Repeated Exposures
GD 20 Dams (Groups 1-4) “
Plagma (UL} 1381+ 169 | 12162241 (12F | 1184+ 242 (14) 7764+ + 258 (44)
RBC (U/L) 1669 + 180 1363 2 224 (6) 1459 £ 278 (13) 709** £ 104 (58)
Brain (U/kg) 12,838+ 1373 | 13,044 2530 (-2} 111,563* + 300 (10){ 5094** + 1081 (60)
GD 20 Fetuses (Groups 1-4)
Plasma {U/L) 258122 25T+ 26(0) 239x28(7) 147** & 24 (43)
RBC (U/L) 121379 1225+ 98 (-1) 1181 = 172 (3) 834** + 183 (31)
Brain (U/kg) 1781+ 175 | 1569* £ 173 (12) | 1600* + 136 (10) | 1183*%* + 164 (33)
Day 11 Adult Males (Groups 6-9)
Plasma (U/L) 343+33 327+ 44(5) 302+36(12) 215** L 57 (37)
RBC (UL) 1094 + 160 1169 x 435 (-7) 903+ 164 (17) 456%* + 240 (58)
Brain (U/kg) 14,100+ 529 | 13.988 £ 662 (1) |12,700* + 548 (10)| 7465** + 2484 (4T)
!
Day 11 Adult Females (Groups 6-9) 1
Plasma (U/L) 790+ 119 949 + 324 (-20) 770+ 123 (3) 624 + 164 (21) |
RBC (/L) 1019 £ 141 991 £ 102 (3) 950 + 82 (7) 375%+ £ 123 (63) f
Brain (U/kg) 14,869 + 1400 13,913 +446(7) [12,881**+845(13)} 6188** + 1078 (58)
12
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. WWT
Dose (mg/ke/day)
Cholinesterase
0.0 0.% 0.5 3.0
PND 4 Male (Offspring of Groups 1-4)
Plasma (U/L) 61264 607+ 62 (1) 588+ 51 (4) 566 + 55 (8)
RBC (U/L} 1291 £ 226 1403 « 204 (9) 1254 £202 (3) 1071%* 157 (1)
ll Brain (U/kg) 31374322 | 28B17* 434 (10) | 2889*£215(8) | 2744** £335(13)
PND 4 Female (Offspring of Groups 1-4)
Plasma (UfL.) 640 + 49 605 £ 50 (5) 591* = 41 (8) 576%* =49 (10)
RBC (U/L) 1260 + 350 1261 230 (0) 1352 £ 273 {(-7) 1088 = 287 (14)
Brain (U/kg) 2823+ 310 | 2941 £ 253 (-4) 2650 + 287 (6) 2638 £ 269(7)
PND 21 Male (Offspring of Groups 1-4)
Plasma (U/L) 506+ 79 535+ 68 (-6) 478+ 29 (6) 307+ £ 65 (39)
RBC(U/L) 1638 + 454 1659+ 394 (-1) 1494+ 326 (%) 669** £ 161 (59)
Brain (U/kg) 10,375 %207 | 9944* £331 (4) | 9044** +340(13)} 5675%* =551 (45)
PND 21| Female (Offspring of Groups 1-4) )
Plasma (U/L) 48770 307+ 70 (3) 463 = 54 (5) 304+ + 53 (38)
RBC (U/L) 1900 £ 587 | 1619296 (15) | 1466%+£254(23) | 663** + 205 (65)
Brain (Ukg) 10275+£376 | 9906313 (4) |90197* £248 (12) | 5956** + 965 (42)
Post Exposure 1’
PND 60 Male (Offspring of Groups 1-4) .
Plasma (U/L) 173+ 80 369 + 43 (1) 340+ 37 (9) 337+£33(10)
RBC (U/L) 1075+ 86 1100 + 68 (-2) 1100 £ 73 (-2) 1038 £ 125(3)
Brain (Ukg) 13,000 £ 450 | 13,100 +41] (-1} | 12,988 %422 (0) 13,044 + 756 {0)
PND 60 Female (Offspring of Groups 1-4)
Plasma (U/L) 907 + 200 915+ 198 (-1) 945 + 232 (-4) 846 + 189 (7)
RBC (U/L) 1109 + 149 1119+ 93 (-1) 991 + 109 (11) 1044 + 108 (6)
Brain (U/kg) 13,275 +:277 1 12,950+317(2) | 12,738* 243 (4) | 12,744% + 586 (&)
Data from pp. 97-110, MRID 45529702
* Results in parenthesis are percent inhibition relative {o conirol
*=pe 0.03, ¥*p < 0.01
1. DISCUSSION and CONCLUSIONS
A. INVESTIGATORS’ CONCLUSIONS: The study auther concluded that treatment with the

test material at doses up to 3.0 mg/kg/day did not induce effects on body weight, body weight
gain, increase mortality, or produce clinical signs of toxicity to dams, fetuses, offspring, or
adult male and female rats. In addition, reproductive performance, gestation and implanta-
tion were not affected by treatment in dams, nor were litter size, viability, sex ratio, or post-
implantation survival affected. No treatment-related effects were found at necropsy of adults
or offspring, brain weights were unaffected by treatment, and no treatment-related lesions
were found microscopically in the brain or nerve tissue of pups. Treatment with the test
material did decrease cholinesterase activity in dams, fetuses, offspring and adult male and
female rats at a dose of 3.0 mg/kg. The study author considered the 23% decrease in RBC
cholinesterase activity of female PND 21 offspring to be biologically relevant.

13
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The study author established a NOAEL of 0.5 mg/kg in gestating dams and fetuses and
young adult rats based on decreases in cholinesterase activity. For juveniles, the author
established a NOAEL of 0.1 mg/kg based on the 23% decrease in RBC cholinesterase
activity in female offspring (MRID 45614100, Amendment 1 to MRID 45529702).

DISCUSSION AND REVIEWER COMMENTS: This study was conducted to determine
the effects of dimethoate on cholinesterase activity in male and female adult, juvenile, and
fetal CD rats following oral administration. Treatment with the test material at doses up to
3.0 mg/kg did not adversely affect mortality, body weight, body weight gain, reproductive
performance, gestation, the sex ratio, viability, implantation, brain weight, or induce grossly
observable lesions at necropsy. In addition, no clinical signs of toxicity were observed from
adult male and female rats, juveniles, or fetuses and no adverse effects were observed
microscopically in the brain or nerve fibers of juvenile rats.

However, acute or repeated exposure to dimethoate at 3 mg/kg induced significant decrease
in cholinesterase activity in the blood and brain in dams, fetases, offspring, and adult male
and female rats. By day 60 cholinesterase activity in offspring had recovered.

The statistically significant effects of acute exposures on brain ChEI at 0.5 mg/kg in both
adults and pups (4-5%) were considered treatment related, but considered a minimal effect
level. :

There were no pronounced or consistent differences seen in the level of ChEI in any
compartment between pups and adults after acute exposure, i.¢., sensitivity. The
LOAELs/NOAELSs were the same for all ages evaluated.

This data set provided tight data with low coefficients of variation for most groups and
compartments. This provided sensitivity that resulted in a number of statistically significant
findings at levels of inhibition between 5-20%. Other criteria that are relevant to a weight of
evidence analysis include dose dependent findings, relation of observed statistically
significant inhibition to historical findings of statistical significance for a compartment, and
correspondence in findings at different timepoints and groups.

For the repeated exposure data, the brain seemed to be the most sensitive compartment, with
a variety of statistically significant effects seen at all doses. Statistically significant findings
of 5-10% or so for brain ChEI are not uncommon, based on the Jower variability usually seen
in this tissue in comparison in general to the blood measures.

Statistically significant effects on brain ChEI following repeated exposures at 0.5 mg/kg

were seen in dams and fetuses on GD20, male pups at PND 4, both sexes of pups on PND 21,
and in young adults of both sexes. For pups on PND 21 and for adult females, where ChEI

14
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was 12-13%, these changes were significant at the p< 0.01 level. For other groups, changes
were significant at the p< 0.05 level, and inhibition varied between 8-10%.

Statistically significant effects on brain ChEI following repeated dosing at 0.1 mg/kg were
also found in fetuses, PND 4 males, and PND 21 males, where the level of ChEI varied
between 4-12%. There is no dose dependency between 0.1 and 0.5 mg/kg with respect to the
levels of brain inhibition in the fetus and the day 4 pups, but effects from the PND 21 pups
were dose dependent (4.1% and 12.8% at 0.1 and 0.5 mg/kg, respectively). The lack of dose
dependence for the younger rats suggests that the true threshold is higher, assuming that the
best point of departure is where the increasing slope of the dose effect curve begins. For this
compartment, then, the weight of the evidence show consistent significant and dose
dependent effects of around 10% in both sexes and at most timepoints, leading to the
conclusion that 0.5 mg/kg/day is the LOAEL for brain ChEI.

In female pups on PND 21, statistically significant cholinesterase inhibition of 23% in RBCs
following repeated dosing at 0.5 mg/kg/day was also seen. This magnitude of RBC ChEI is
generally regarded as adverse, and was concluded by the investigator to be an LOAEL.
Examination of the data revealed that this statistical finding was a result of a relatively high
control value (1900 + 587) in comparison to males (1638+ 454), who otherwise had very
similar RBC values for all other dose groups. The individual data showed that the high
female mean was due to high values in 1 animal that was outside the range seen in the
females at the low dose or in the males. It was concluded that this effect should not be
regarded as treatment related.

With respect to sensitivity in ChEI following repeated exposure, for dams and fetuses at
comparable dose levels , the level of ChEI in RBCs and brain was about half as much in the
offspring; while the level of plasma ChEI was the same. Comparing the level of inhibition
seen in PND 21 pups exposed for 11 days and young adults exposed for 11 days, in males
given 3 mg/kg/day, ChEI levels were quite similar; for females plasma levels in adults
(21%) was about % of that seen in PND 21 female pups (39%), while brain ChE] at 3
mg/kg/day in adult females (58%) was greater than that in female pups (42%). But, at 0.5
mg/kg/day, levels of brain ChEI were similar for male and female pups and aduits (10-13%).
Qverall, based on these data, it is concluded that there is no consistent evidence of increased
sensitivity in young animals with respect to ChEI following repeated dimethoate exposure.

For acute exposures:
the LOAEL for brain ChEI is 3 mg/kg (adults and pups of both sexes);
the LOAEL for red blood cell ChEI is 3 mg/kg (adults of hoth sexes); and
the LOAEL for plasma ChEl is 3 mg/kg (male pups and male adults).

The acute NOAEL for ChE]I in all compartments is 0.5 mg/kg for both adults and
offspring.

15
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For repeated exposures:
the LOAEL for plasma ChEI is 3 mg/kg/day (adults and offspring of both sexes),
the NOAEL for plasma ChEI is 0.5 mg/kg/day;

the LOAEL for red bloed cell ChEI is 3 mg/kg/day (adults and offspring of both sexes);
the NOAEL for red blood cell ChEI is 0.5 mg/kg/day;

the LOAEL for brain ChEI is 0.5 mg/kg/day (adults and offspring of both sexes);
the NOAEL is 0.1 mg/kg/day;

The repeated exposure NOAEL for ChEI is 0.1 mg/kg/day based on brain ChEI in
adults and offspring.

C. STUDY DEFICIENCIES: The bases of the selection of the times of sample collections
should have been provided.
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DATA FOR ENTRY INTO ISIS
Special Study
PCcode | MRID# | Study Species | Duration Route | Dosing | Dose | Dosestested | NOAEL LOAEL Target organ{s) Comments
type method | range | mg/kg/day mg/kg/day | mgke/day
mg/ke/
day
0050139 | 45529702 | special | rats uptoll] oral gavage | 0.0~ 0.0,0.1,0.5, 0.1 0.5 Cholinesterase Maternal
study days 3.0 30 activity
0050139 { 45529702 | special | rats up to 60 oral gavage | 0.0- 0.0,0.1,0.5, {01 0.5 Chotinesterase Offspring
study days 3.0 3.0 _ activity
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DATA EVALUATION RECORD

TXRi#: 0050139

STUDY TYPE: Developmental Neurotoxicity Study - Rat; OPPTS 870.6300 (§83-6); OECD
426 (draft)

PC CODE: 035001 DP BARCODE: D278940
SUBMISSION NO.: S605760

TEST MATERIAL (PURITY): Dimethoate (99.1%w/w)
SYNONYMS: Phosphorodithioic acid, 0,0-dimethyl S-[2-methylamino)-2-oxoethyl]ester

CITATION: Meyers, D. P. (2001) Dimethoate. Developmental neurotoxicity study in the CD
rat by oral gavage administration. Huntington Life Sciences, Ltd., Woolley Road,
Alconbury, Huntingdon, Cambridgeshire, PE28 4HS, England. Laboratory report
number CHV/069; 003881, October 19, 2001. MRID 45529703. Unpublished

SPONSOR: Cheminova A/S (EPA Company No. 4787), P.O. Box 9, DK-7620 Lemvig,
Denmark.

EXECUTIVE SUMMARY: In a developmental neurotoxicity study (MRID 45529703),
Dimethoate (99.1% a.i., batch # 20522-00) was administered to 24 parent female Crl:CD&BR

rats per dose by gavage at dose levels of 0, 0.1, 0.5, or 3.0 mg/kg bw/day from gestation day 6
through postnatal day 10, and to the offspring from postnatal day 11 to postatal day 21
inclusive. A Functional Operational Battery was performed on 10 dams/dose on gestation days
12 and 18 and lactation days 4 and 10. Offspring were evaluated as follows: age-appropriate
functional observation battery on days 4, 11, 21, 35, 45, and 60, automated motor activity on
days 13, 17, 22, and 60; assessment of auditory startle response days 23/24 and 60/61,
assessment of learning and memory (Morris Water Maze) at postnatal days 23/24, and at
postnatal day 61/62 (separate groups), brain weights on days 11, 21, and 65, and brain
histopathology and morphometrics on days 21 and 65. Pup physical development was agsessed
by bodyweight, and sexual maturation of females was assessed by age at vaginal opening.
Maturation of males was assessed by age at completion of balano-preputial separation. ’

There were no treatment-related effects, for maternal animals. The maternal LOAEL for
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Dimethoate in rats is not identified. The maternal NOAEL is 3 mg/kg/day.

For offspring, there were no effects on body weight, food consumption, clinical signs, auditory
startle parameters, leaming and memory evaluations, brain weight, or histopathological
evaluations at any time point. There was no effect on litter size or pup weight at birth, but there
was an increase in pup death during early lactation. The number of pup deaths was similar in
control and low dose groups (15 deaths in 19 litters for controls, 11 deaths in 6 litters at 0.1
mg/kg/day), but was increased at 0.5 mg/kg/day (43 deaths in 10 litters, including 1 total litter
loss) and at 3.0 mg/kg/day (89 deaths in 14 litters, including 3 total litter losses). There were
also decreased activity levels, as measured in the FOB, at 3.0 mg/kg/day, and changes in
automated motor activity measures (decreased rearing in females at 3.0 mg/kg/day on PND17;
dose-related increases in horizontal activity in males at 0.5 mg/kg/day [65%] and 3.0 mg/kg/day
[122%] on PND17). The offspring LOAEL is 0.5 mg/kg/day, based on increased pup death
and increases in motor activity. The offspring NOAEL is 0.1 mg/kg/day.

A comparative cholinesterase study (MRID 45529702), using the same doses and dose schedule
as the current study, found significant inhibition of plasma, RBC, and brain cholinesterase in
dams and fetuses on GD20 afier 3 mg/kg/day dimethoate, and significant decreases in brain
cholinesterase inhibition (10%) in dams and fetuses given 0.5 mg/kg/day. Pups showed the same
pattern of effects on PND21. Based on that study, the NOAEL for cholinesterase inhibition

following repeated dimethoate exposure is 0.1 mg/kg/day based on brain cholinesterase in adults

and offspring.

This study is classified Acceptable/Guideline and satisfies the guideline requirement for a
developmental neurotoxicity study in rats (OPPTS 870.6300, §33-6).

COMPLIANCE: Signed and dated Flagging, GLP, Quality Assurance, and Data
Confidentiality statements were provided. In addition, a GLP Compliance Review and Data
Audit of the study was conducted by EPA in February of 2001 after compietion of the in-life

portion of the study (MRID 45609601). No adverse GLP findings were noted with respect either
to GLP compliance or the study data.

L MATERIALS AND METHODS

A. MATERIALS:

1. Test material: Dimethoate:.

Description: white solid

Lot/Batch #: 205-22-00

Purity: 99.1 %a.i.

Compound Stability: S years

CAS # of TGAI: 60-51-5
c::::;'ﬁ"‘i,_"_ﬁ““

H2.
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2. Vehicle and/or positive control: reverse osmosis water

3. Test animals (P):

Species: Rat

Strain: Cet:CDEBR

Age at stady initiation: 10-11 wks

Wt at sindy initiation: 219315 g

Source: Charles River UK Limited, Margate, Keat, England

Housing: Individually or with litter in stainless steel grid or solid polypropylene cages

Diet: UAR VRF1 pelleted rodent diet (Usine ¢’ Alimentation Rationale, France),
ad libitum

Water: Tap water, ad libitum

Environmental conditions: Temperature: 19.23°C
Humidjty: 40-70%

Air changes: Up to 15/hr
Photoperiod: 12 hrs dark/I2 hrs light

Acclimation period: At least 5 days
B. PROCEDURES AND STUDY DESIGN:

1. In life dates: Start: October 16, 2000; End: January 22, 2001

2. Study schedwle: The maternal animals were mated and assigned to study. The test
substance was administered to the maternal animals from gestation day 6 through postnatal
day 10. Pups were weaned on postnatal day 21, after which time maternal animals were
killed. F1 pups remained on study until postnatal days 63-67 (study termination).

3. Mating procedure: Females were paired 1:1 with males of the same strain and source. Each
female was examined daily during the mating period to identify sperm cells in a vaginal
smear or the presence of a copulatory plug. The day that sperm or a plug was found was
designated gestation day 0. After successful mating, each pregnant female was placed into an
individual cage with a solid bottom and bedding, where the dam was maintained through
gestation and lactation.

4. Animal assignment: Mated females were assigned to group and cage position in sequence,
so that animals mated on any one day were evenly distributed among treatment groups. The
allocation of mated females was adjusted so that more than one female from a given litter
was not allocated to the same dose group. Dose groups are indicated in Table 1. Dams were
assigned to functional observation testing as shown.

Offspring were assigned to testing subgroups at the time of litter standardization on postnatal
day 4 (Table 1). One pup/sex/litter was allocated on postnatal day 4 to each of the following:
motor activity, suditory startle response habitnation and auditory startle pre-pulse inhibition,
learning and memory at postnatal day 23/24, learning and memory at postnatal day 60, and
sacrifice and brain examination on postnatal day 11. The allocation of one pup/sex/litter for
each test was followed for control, low- and mid-dose groups. However, due to increased
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pup mortality at the high-dose, it was necessary to allocate some pups from two litters (litters
62 and 72) to two behavioral tests.

i Experimental Parameter

| No. of maternal anin{als assigned

Dose (mg/kg/day)

0.1 _| 0.5

FOB (GD 12, 18; LD 4, 10) 10 10 10
Detailed clinical/FOB (PND 4, 11, 21, 35, 45, 60) 10/sex 10/sex
Motor activity (PND 13, 17, 22, 59) 10/sex 10/sex 10/sex 10/sex |
Auditory startle habituation (PND 23/24, 60/61) 10/sex 10/sex 10/sex 10/sex q
Learning and memory (PND 23/24, 61/62) 10/sex 10/sex 10/sex 10/sex
Brain weight ’
PND 11 10/sex 10/sex 10/sex 10/sex ﬁ
PND 21 10/sex 10/sex 10/sex 10/sex
PND 63-67 10/sex [0/sex 10/sex 10/sex
Neuropathology
PND 11 10/sex 10/sex 10/sex 10/sex
PND 21 10/sex 10/sex 10/sex 10/sex
PND 63-67 [0/sex 10/sex 10/sex 10/sex
5. Deose selection rationale: Dose levels were chosen based on the results from oral gavage

dose range-finding (Report CHV068/00129; MRID 45529701) and cholinesterase (Report
CHV070/012226; MRID 45529702) studies in CD rats. Results from these studies are
presented in separate DERs. .

Dosage administration: All doses were administered once daily to maternal animals by
gavage, on gestation day 6 through postnatal day 10, in a volume of 5 mL/kg of body
weight/day. Dosing was based on the most recent body weight determination up to and
including gestation day 17; the dosage volume then remained constant to postnatal day 1.
From postnatal day 1, dosing volumes were once again calculated based on the most recent
body weight. Offspring were dosed by gavage in a volume of SmI/kg based on the most
recent body weight from postnatal day 11 to postnatal day 21 inclusive, except that animals
scheduled for terminal sacrifice on postnatal days 11 or 21 were not dosed on the day of
sacrifice. Controls received reverse osmosis water (vehicle) only. The dosage level for each
group was not known by the observer in the animal unit, and those involved in the necropsy,
histology, or pathology.

Dosage preparation and analysis: Formulations were prepared weekly. The highest
required concentration (0.6 mg/mL) was prepared by mixing an appropriate amount of test
substance with reverse osmosis water and mixing with a magnetic stirrer. The lower
concentrations (0.02 and 0.01 mg/mL) were then prepared by serial dilution. Dosing
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solutions were refrigerated for storage. Prior to the start of the study, stability of the test
substance in water was ¢valuated for a period of 2 days at room temperaturc and 15 days
refrigerated. Homogeneity (top, middle, and bottom) was not evaluated. Single samples
were taken from each dosing solution prepared for use during the first week of treatment and
during the first week of lactation; duplicate HPLC assays of each dosing solution were
performed for concentration analysis.

Results:
Homogeneity Analysis: not performed.

Stability analysis: The mean concentrations of dosing solutions remained within 4% of
nominal after periods of 2 days at room temperature or 15 days refrigerated.

Concentration Analysis: The mean analytical concentrations of test solutions were within
1.3% of nominal. The precision of duplicate analyses was <0.5%.

The analytical data indicated that the mixing procedure was adequate and that the difference
between nominal and actual dosage to the study animals was acceptable.

C. OBSERVATIONS
1. In-life ogbservations:

a. Maternal animals: Twice daily checks for mortality or moribundity and daily cage-side
observations were conducted for maternal animals. Gross observations of the dams were
conducted daily as follows: prior to treatment, as each animal was returned to the cage, at the
end of dosing for each group, between | and 2 hours after completion of dosing, and as late
as possible during the work day.

Ten dams per group were observed outside the home cage at least twice during the gestation
dosing period (days 12 and 18) and twice during the lactation dosing period (days 4 and 10)
prior to dosing. The following functional observations were recorded.

1) Ranking of degree of lacrimation and salivation, with range of severity scores from none to severe
2) Presence or absence of piloerection and exophthalamus,

3) Ranking or coumt of urination and defecation, including polyuria and diarthea

4) Pupillary function such as constriction of the pupil in response to light, or a measure of pupil size
5) Degree of palpebral closure, e.g., ptosis.

X || Description, incidence, and severity of any convulsions, tremors, or abnormal movements.

X || Description and incidence of posture and gait abnonmalities.

Description and incidence of any unusual or abnormal behaviors, excessive or repetitive actions
(stereotypies), emaciation, dehydration, hypatonia or hypertonia, altered fur appearance, red or crusty
deposits around the eyes, nose, or mouth, and any other abservations that may facilitate interpretation of

the data. l}

—— p—

(N
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Observers were unaware of the treatment group of the subjects. Subjects were also scored for
ease of removal from the cage and reactivity to handling. Observations of gait, grooming,
palpebral closure, posture, activity counts, rearing counts, tremors, twitches, convulsions,
urination, and defecation were made for one minute in an Open field (650 x 500 mm) divided
into six sectors.

Individual maternal body weight data were recorded on gestation days 0, 3, 6, 10, 14, 17, and
20. During lactation, dams were weighed on postnatal days 1,4, 7, 11, 14, 17, and 21.

Food consumption was recorded on gestation days 0-2, 3-5, 6-9, 10-13, 14-16, and 17-19 and
on postnatal days 1-3, 4-6, 7-10, 11-13, 14-16, and 17-20.

From gestation day 20, dams were checked 3 times/day for evidence of parturition. They-
were permitted to deliver and rear offspring until postnatal day 21. Approximate numbers of
live and dead offspring were recorded during parturition.

b. Offspring:

1. Litter observations: The day of completion of parturition was designated as lactation day
(postnatal day) 0. Live pups were counted, sexed and weighed individually for each litter on
postnatal days 1, 4, 7, 11, 14, 17, and 21. Daily throughout lactation, offspring were
examined cage-side for gross signs of mortality or morbidity. Any gross signs of toxicity in
the offspring were recorded as they were observed, including the time of onset, degree, and
duration. Additional observations were made on days of direct dosing to pups (PNDs 11-21):
pre-dosing, as the animal was returned to the home cage, at the end of dosing for each group,
and as late as possible in the working day.

On day 4 postpartum, litters were standardized to a maximum of 8 pups/litter (4/sex/litter, as
nearly as possible); excess pups were killed and discarded.

2. Developmental landmarks: Beginning on postnatal day 38, male offspring were examined
daily for balanopreputial separation. Beginning on postnatal day 28, female offspring were
examined daily for vaginal patency. The age of onset was recorded.

3. Postweaning observations: After weaning on postnatal day 21, offspring were examined
twice daily for mortality or morbidity. A full physical exam was performed weekly, up to
study termination. Individual offspring body weight data were recorded weekly from
postnatal day 28 until termination at postnatal day 63-67.

4. Neurobehavioral ev ons: Observations and the schedule for those observations are
summarized as follows from the report.

5. Functional ohgervational batte OB): On postnatal days 4, 11, 21, 35, 45, and 60, a
total of 10 offspring/sex/group (one male or one female from each litter) was examined
outside the home cage in an FOB assessment, as appropriate for the developmental stage
being observed.
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Postnatal day 4: A clear arena with a floor size of 30 x 20 ¢m and side walls of 4.5 cm was
utilized. An FOB activity sheet (paper sheet marked with concentric circles) was placed
underneath the arena. The animal was then placed in the center of the FOB activity sheet and
observed over a one-minute recording period. The following parameters were assessed:
righting reflex, number of sections entered, maximum distance traveled, maximum pivoting
angle, physical condition (skin color, physical abnormalities, cold-to-touch) locomotor
incoordination, tremors, convulsions, and excessive backward movement. The arena was
disinfected between each use to prevent activity from being influenced by olfactory cues

from previous rats.

Postnatal day 11: The same arena was used as was used for postnatal day 4; however, the
paper placed below the arena was divided into 9 equal segments. The animal was then placed
in the center of the FOB activity sheet and observed over a one-minute recording period. - The
following parameters were assessed: righting reflex, number of sections entered, number of
rearings, grooming, urination, physical condition (skin color, physical abnormalities, cold-to-
touch) locomotor incoordination, tremors, convulsions, and excessive backward movement.
The arena was disinfected between each use to prevent activity from being influenced by

olfactory cues from previous rats.

Postnatal days 21, 35, 45, and 60: The following observations were graded and recorded.
{The observations on postnatal day 21 were made after corpletion of counting, sexing, and

weighing, and before the parent was removed for necropsy).

Removal from cage

Salivation

Lacrimation

Piloerection

Exophthalmus

Reactivity to handling

Pupil Closure reflex (Day 35 only)

Palpebral closure

Posture
Gait
Tremor
Twitch
Convulsion
Activity
Rearing
Grooming
Urination
Feces

6. Motor activity testing: Motor activity was evaluated in 10 rats/sex/dose on days 13, 17, 22,
and 59. Animals were placed in plastic cages and were continuously monitored over a 1-hour
period. (On day 13, it was recorded if eyes were open or closed, and on days 13 and 17,
motor activity was monitored before dosing). An automated activity monitoring system
collected data over successive 6-minute intervals by recording infra-red light source break
frequency within the cage. . Low beam detectors were set 3.5 cm above the cage floor to
monitor ambulatory activity, while high-beam detectors monitored rearing activity. Due to
small animal size on postnatal days 13 and 17, a raised insert was placed in the cage so that

activity would be monitored.

7. Aauditory startle reflex habituation and pre-impulse inhibition of startle: Auditory

47
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9.

startle reflex habituation and pre-impulse inhibition of startle testing was performed on 10
offspring/sex/dose on postnatal days 22/23 and 60/61 using an automated system.

Animals were acclimated for 5 minutes to background noise. Mean startle amplitudes were
recorded for 5 consecutive blocks of 10 trials for the auditory startle habituation testing. The
startle stimulus consisted of 40-millisecond bursts of white noise at 90% intensity (105 dB)
against a background noise level of 70 dB, with inter-stimulus interval of 12 seconds.

For the pre-impulse inhibition of startle testing, mean startle amplitudes were recorded for 10
trials with a pre-pulse sound immediately preceding the startie stimulus and for 10 trials
without a pre-pulse. The startle stimulus consisted of 50-millisecond bursts of white noise at
100% intensity (118 dB) and the pre-pulse consisted of a 50-millisecond pulse of white noise
at 70% intensity (85 dB) preceding the startle stimulus by 50 milliseconds. A total of 20-
trials (10 each) were presented in a pseudo-random order with inter-trial intervals of 10, 12,
14, or 16 seconds.

Learning and memory testing: Learning and memory testing was performed in 10
offspring/sex/dose on postnatal days 23/24 and 61/62 using a Morris water maze (a separate
group was evaluated at each time point). A series of 3 trials was conducted on each of 4
consecutive days. The water maze consisted of a circular white plastic pool (90 cm diameter;
30 cm deep at days 23/24 and 140 cm diameter, 45 cm deep at days 61/62). The maze was
filled with water at 29+3°C and made opaque with a nontoxic opacifier (Opacifer 621). A 6
cm square platform was concealed at a fixed position 1.5 cm below the surface of the water,
Three starting points were identified at the edge of the pool. Each animal received 3
consecutive trials on each day of testing. For the first trial, the animal was placed on the
escape platform for 30 seconds prior to testing. The animal was then placed into the water at
the edge of the pool and given a maximum of 90 seconds to swim to the platform. A
different starting point was used for each trial. The time to reach the platform and the
number of quadrants crossed were recorded. The rat was allowed to remain on the platform
for 30 seconds after each trial. If the rat did not find the platform within 90 seconds, it was
placed on the platform for 30 seconds and a latency of 90 seconds was recorded.

Postmortem observations:

Maternal animals: Maternal animals were sacrificed by carbon dioxide inhalation on-
postnatal day 21. Females whose litter died during lactation were sacrificed on the day the
last offspring died. Adult females were subjected to a detailed macroscopic necropsy, and
the number of implantation sites was recorded. Specimens of abnormal tissues were retained
in fixative, and mammary tissue was retained from fermnales whose litters died early in
lactation.

Oftspring:

Animals not selected for neuropathologic evaluation: Pups culled on PND 4 or killed before
PND 21 were sacrificed by i.p. injection of sodium pentobarbitone or by carbon dioxide

inhalation. Offspring killed on day 11 were sacrificed by intraperitoneal injection of

9%
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barbiturate. Offspring killed on day 21 or at study termination, but not selected for
neuropathological evaluation, were sacrificed by carbon dioxide inhalation.

Sporadic neonatal deaths, and offspring culled on PND 4, were not necropsied. Weanling
offspring and other offspring dying during or following the late lactation period were subject
to detailed macroscopic necropsy, and specimens of abnormal tissue were retained in
fixative. In addition, for offspring killed on day 21 or at study termination but not selected
for neuropathological examination, brains were removed, weighed, and fixed in 10% neutral
buffered formalin (but not examined histopathologically).

A : { ation: The offspring selected for brain weight or
neumpathologlcal cvaluatlon were sacnﬁced on postnatal day 11, 21 or 63-67. These
animals were subjected to postmortem examinations as described below.

At postnatal day 11, ten pups/sex/group were selected for brain weight measurements. The
brain was removed and fixed for 24 hours by immersion in 10% neutral buffered formalin
after opening the calvarium. Brain weights were recorded after fixation and removal of the
brain from the skull. The brains from all pups of all groups were embedded in paraffin,
sectioned at 4-5 pm, and stained with hematoxylin and eosin. Sections included coronal
sections (olfactory lobes, forebrain, cerebrum, hippocampus, thalamus, hypothalamus,
cerebrum, tectum, tegmentum, medulla oblongata) and mid-sagittal sections (cerebellum,
pons). The sections were not examined microscopically.

At postnatal day 21, up to ten pups/sex/group were sacrificed by intraperitoneal injection of
barbiturate and perfused with gluteraldehyde and paraformaldehyde, followed by immersion
in glutaraldehyde and paraformaldehyde. The brain was transected from the spinal cord
above the first cervical spinal nerve. The brain length was measured between the rostral part
of the cerebral hemispheres and the most caudal part of the cerebellum. The width was
measured at the widest part of the cerebral hemispheres, and the brain was weighed.

Tissues listed below from all dose groups were embedded in paraffin and were sectioned for
control and high-dose animals. Tissues were sectioned at 4-5 pm and stained with
hematoxylin and eosin. Only brains were sectioned for mid- and low-dose animals.
Histopathological evaluations included the tissues listed below; only control and high-dose
animals were examined microscopically.

BRAIN: Coronal sections (olfactory lobes, forebrain, cerebrum, hippocampus, thalamus,
hypothalamus, tectum, tegmentum, medulla oblongata) and mid-sagittal sections
(cerebellum, pons) were evaluated qualitatively.

The following brain morphometric measurements were performed:
Thickness of the neocortex (distance from the pial surface to the top of the white

matter was measured along a line perpendicular to a tangent of the pial surface at the
point where the cortex exhibits the greatest thickness)

47
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Corpus callosum (thickness at the midline)
Hippocampus (greatest dorsal-ventral thickness)

Cerebellum (width of the pyramis folia perpendicular to its long axis at the midpoint
between the tip and base)

External germinal layer.

TISSUES OTHER THAN BRAIN: eye, thyroid/parathyroid, thymus, lungs, heart, liver,
kidneys, adrenals, pancreas, spleen, GI tract (stomach, duodenum, jejenum, ileum,
cecum, colon, rectum), ovaries, uterus, testes, epididymis, prostate, pituitary, mandibular
and mesenteric lymph nodes, and any abnormalities.

On postnatal day 63-67, up to 10 animals/sex/group were euthanized, by i.p. injection of a
barbiturate, and perfused with glutaraldehyde and paraformaldehyde (followed by immersion
in glutaraldehyde and paraformaldehyde) for brain weight measurements and/or
neuropathology. The brain was transected from the spinal cord above the first cervical spinal
nerve. The brain length was measured between the rostral part of the cerebral hemispheres
and the most caudal part of the cerebellurn. The width was measured at the widest part of the
cerebral hemispheres, and the brain was weighed. Animals were also subjected to
macroscopic necropsy; abnormal tissues were preserved and livers and kidneys were
weighed. The following central and peripheral nervous tissues (X) were dissected and
preserved in plastic (sciatic and tibial nerves only) or paraffin (all other tissues).

The CHECKED (X) tissues were evaluated for adult offspring.
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X Coronal sections: olfactory lobes, forebrain, X Mid-thigh**
cerebrum, hippocampus, thalamus, X Sciatic Notch**
hypothalamus, tectum, tegmentum, medulla
oblongata
X Mid-sagittal sections: cerebellum, pons
SPINAL CORD OTHER
x Cervical swelling** Sural Nerve

X Lumbar swelling**

OTHER
Gasserian Ganglion
Trigeminal nerves
X Optic nerve*
X Eyes *

!

e
* longitudinal sections
**|ongitudinal end transverse scctions

M

EE A

Tibial Nerve (knee and calf muscle branch)**
Peroneal Nerve

Lumbar dotsal root ganglion®

Lumbar dorsal root fibers*

Lumbar ventral raot fibers*

Cervical dorsal root ganglion*

Cervical dorsal root fibers*

Cervical ventral root fibers*

gastrocnemius muscle (transverse section)

Tissues from all dose groups were embedded; however, only brains were sectioned for mid-
and low-dose animals. Paraffin-embedded tissues were sectioned at 4-5 pm and stained with
hematoxylin and eosin; plastic-embedded tissues were sectioned at 2 pm and stained with
toluidine blue. Tissues (listed below) from control and high-dose animals were examined

microscopically.

Detailed morphometric evaluation of the neocortex, hippocampus, and cerebellum was

conducted as follows:

Thickness of the neocortex (distance from the pial surface to the top of the white matter
was measured along a line perpendicular to a tangent of the pial surface at the point
where the cortex exhibits the greatest thickness)

Corpus callosum (thickness at the midline)

Hippocampus (greatest dorsal-ventral thickness)

Cerebellum (width of the pyramis folia perpendicular to its long axis at the midpoint

between the tip and base)
Extemnal germinal layer.

D. DATA ANALYSIS

5l
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1. Statistical analyses: Statistical analyses were performed on the following parameters:

gestation body weight and body weight change, lactation body weight and body weight
change, gestation food consumption, lactation food consumption, litter size, offspring
survival indices, offspring body weight change, body weight change for offspring selected for
behavioral testing, activity and rearing counts for dam FOBs, and FOB, activity counts,
startle response, and water maze data for offspring.

Methods: “If 75% of the data were the same value, then a frequency analysis was applied.
Treatment groups were compared using a Mantel test for a trend in proportions and pairwise
Fischer’s Exact tests to compare each dose group to the control. If Bartlett’s test for
homogeneity was not significant at the 1% level, then parametric analysis was utilized. Ifthe
F1 test for monotonicity of dose-response was not significant at the 1% level, William’s test
for a monotonic trend was applied. If the Fl test was significant, Dunnett’s test was
applied.”

“If Bartlett’s test was significant at the 1% level, then logarithmic and square-root
transformations were iried. If Bartlett’s test was still significant, then nonparametric tests
were applied. H the H1 Test for monotonicity of dose-response was not significant at the 1%
level, Shirley’s test for a monotonic trend was applied. If the H1 Test was not significant,
Steel’s tést was performed.”

“If ANOVA was not significant, then significant results of inter-group comparison with the
control are not reported.”

2. Indices:

a. Reproductive indices: The following reproductive indices were calculated from breeding
and parturition records of animals in the study:

Gestation index = (Number of live litters born/Number pregnant) x 100

b. Offspring viability indices: The following viability (survival) indices were calculated from
lactation records of litters in the study:

Post-implantation survival index = (Total No. of offspring born/Total No. of implantation
sites) x 100

Live birth index = (Number of live offspring at PND1/Total number of offspring born) x 100

Viability index = (Number of live offspring at PND 4/Number of live offspring at PND1)
x100

Lactation index = (Number of live offspring on Day of examination/Number of live offspring
on PND 4 after culling) x 100

[However, as noted below, the lactation index on day 21 was apparently calculated with the
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number of live offspring on PND 11, prior to scheduled sacrifice, as the denominator. |

3. Positive and historical control data: Positive control data submiited by the laboratory are
currently under review.

. RESULTS
A. PARENTAL ANTMALS

1. Mortality and clinical and functional observations: There were no maternal deaths
before scheduled termination except for early sacrifice due to litter loss. One litter in the 0.5

mg/kg/day group and three litters in the 3 mg/kg/day group were sacrificed during early
lactation for reasons of animal welfare (due to clinical signs in the pups, see below); the dams
were also sacrificed on the day of litter loss. General clinical signs in dams were limited to
post-dosing salivation in 5 dams from the 0.5 mg/kg/day group and 2 dams from the 3
‘mg/kg/day group. In the 0.5 mg/kg/day group, this salivation was noted on day 7 of
gestation for one dam, day 8 of gestation for 3 dams, and day 10 of gestation for 1 dam. This
salivation was observed on day 6 of gestation in one 3 mg/kg/day animal and on days 1] and
14 of gestation in the other 3 mg/kg/day animal. Since these signs were abserved only in
mid- and high-dose animals, they may be treatment-related, however, given the sporadic
incidence and lack of dose-response, this signs are not considered toxicologically significant.

There were no substance-related functional observations. On post-natal days 4 and 10, slight
salivation was noted in all treatment groups. Since this effect was noted in controls at a
frequency and intensity similar to dose groups and since no dose-response relationship was
observed, the effect is not considered test substance-related. There were no other treatment-
related effects on cholinergic signs, such as urination or tremors.

2. Body weight and food consumption: Selected group mean body weights and food
consumption values for pregnant or nursing dams are summarized in Table 2. There were no
significant treatment-related effects on body weight or body weight gain during gestation
(from the beginning of treatment on gestation day 6; we note there was a significantly lower
weight gain in treated groups during gestation days 0-6, prior to the start of treatment) or
lactation. The study authors noted that during postnatal days 1-4, 7 females in the 3
mg/kg/day group experienced a mean weight loss of 8 g, compared to a mean weight loss of
4 g in 2 control animals.

There were no treatment-related effects on food consumption during gestation or lactation.

Dose (mg/kg/day)
U] 0.1 0.5 3

N LI RN T
Body wt. Gestation day 0 (g) 266522 262223 267124 270126
Body wt. Gestation day 6 (g) 301421 292422 297124 30130

53
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(mg/kg/day)
Observations/study interval
[Bodywt Gestationday 14() || 345426 | T | s3e:28 | 342e34
Body wt. Gestation day 20 (g) 428+35 414430 421432 - 421443
Wi, gain gestation days 0-6 (g) 3547 3046* IDL5* IR
WL gain gestation days 6-20 (g) 12717 122413 124113 120419
Faod consumption gestation days 0-2 (g/animal/day) 2843 2142 2913 2843
I Food consumption gestation days 6-9 (g/animal/day) 3043 2943 3043 3024

Food consumption gestation days 17-19 (g/animal/day) 3143 2942 3043 30:3

" Body w. lactation day 1(g) 333227 32126 327429 125238
Body wt. lactation day 11(g) 36125 349229 356£25 352434
u Body wt. lactation day 21(g) 357432 347473 157135 359438
g Wt. ghin lactation days 1-11 (g) 29112 28411 2910 2712
Wt. gain Jactation days 1-21 (g) 25420 26£10 3012 " 34+14
Food consumption lactation days 1-10 (g/animal/day) 49+5 4843 49+6 4715
Food consumption lactation days 11-20 (g/animal/day) 7327 7046 70410 69<13 ﬁ

2 Data obtained from Tables 10-15 pages 87-92, MRID 45529703, Means during lactation exclude dams with total litter loss.
*n<0),05, compared with control mean.

3. Reproductive performance: Results for the maternal animals are summarized in Table 3.
There were no treatment- related effects on length of gestation, gestation index, the
parturition process, or implantation rate. As noted above, there was no indication of
treatment-related maternal toxicity or clinical signs, which might contribute to a lack of
maternal care; signs indicative of poor maternal care were not noted in the study report (this
issue is further discussed in the trip report from the GLP audit, TXR No. 014502).

Observation Dosc (mg/kg/day}
0 0.1 05 3
Nuamber mated 24 24 24 24
Number Pregnant 24 23 24 24
Litter killed before weaning 0 0 1 3
Mean gestation duration (days) 222 ' 22.1 222 221
Mean (£SD) implantations/dam 16.122.5 15.6+1.6 158522 160427 (l
Gestation index (%) 100 100 100 100 i

e
*Data obtained from Tables 1,16, &19, pages 78, 93, £96, MRID 45529703.

~

4. Maternal postmortem results: No treatment-related effects were noted upon macroscopic
examination at necropsy. There were no treatment-related effects on absolute or relative
brain weight. The dams of the litiers (one from the 0.5 mg/kg/day group and three from the
3 mg/kg/day groups) that were killed for reasons of animal welfare were also sacrificed on
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1.

the day of litter loss. The mammary tissuc of all of these dams was observed to be pale and
inactive at necropsy.

OFFSPRING

Viability and clinical signs: Litter size and viability (survival) results from pups during
lactation are summarized in Tables 4a and 4b. There was no difference in litter size among
groups at birth (Table 4a), but there was a decrease in pup survival in the mid- and high-dose
groups (Table 4b). The decrease in survival became evident during early lactation and was
most pronounced between PND1 and PNDI11.

Consistent with the similar litter sizes among groups at birth, there were no treatraent-related
effects on the post-implantation survival index or sex ratio. The live birth index was .
significantly (p<0.05) reduced at 3 mg/kg/day compared to controls. The viability index is
also decreased {82.7% for high dose, compared to 97.6% in controls), as are the lactation
indices on days 7 and 11; these differences are not statistically significant. The decreased
survival is no longer evident in the day 21 index (possibly due to changes in the calculation
of the lactation index on day 21, as well as the inclusion of pups sacrificed for
neuropathology on day 11 as pup deaths, see Table 4a footnote). The lack of significant
differences in these indices may reflect: (1) the large variability in these indices among
litters, (2) exclusion of litters with total pup loss from the mean calculations, and (3)
inclusion of pups lost to scheduled sacrifice as pup deaths on day 11 (see table footnotes; the
sacrifice on day 11 is not included in the pup mortality tabulated in Table 4b).
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Observation Dose (mg/kg/day)
_ a4 0.1 05 3 ‘l
Number of litters bom - 24 23 24 24
Total number born n 343 360 366
Number missing from day 1 count 1 4 5 8 '
Sex Ratio Day 1 (% 97 48.6 453 479 50
Total litter size 15.0:2.6 14.0+1.6 15.0:2.0 15.3+2.5 1|
Mean litter size:t It
Day 1 14.9£2.6 14.7+1.7 14.8+2.0 14.9+2.4
Day4” 1454825 14.6:1.8 14.3=1.8 13.513.7
Day 4¢ 8.0:0.0 8.0:0.0 8.0+0.0 7. 411
Day 11 7.940.3 7.940.5 7.6x£1.2 7.3+1.3
Day 17 6.840.5 6.9+0.5 6.6x1.1 63£12
Day 21 6.8+0.5 6.9+0.5 6.6x1.1 6.2+1.5
Post-implantation survival index 92.9 95.6 94.6 95.5
(%)
Live birth index (%) 99.7 98.7 987 97.9*%
Viability index 97.6 98.8 929 82.7 "
Lactation index
Day 7 99 93.9 96.7 93
Day 11 98.4 93.4 95.1 882 u
Day 211 86.2 87.2 87 P 84 |
aDala obtained from Tables 18-20, pages 95-97, and Appendix 8, pages177-180, MRID 45529703,

bBefore standardization (culling).
cAfter standardization (culling).

* Statistically different from control, p<0.05

tlitters with total pup loss were excluded from mean litter size calculations; for 0.5 mg/kg/day group, n=23 from day 4 through

day 21; for or 3.0 mg/kg/day group n=22 on day 4, n=21 from day 11 to day 21.

L actarion index for day 21 was calculated using day 11 (prior to the scheduled sacrifice) as the baseline, thus animals sacrificed
for neuropathological evaluation are included as deaths in this calculation, but deaths prior to day 11 are not included.

The total number of pup deaths in each dose group, as well as the time frame in which the
deaths occurred, are detailed in Table 4b. The increase was dose-related, with approximately
3 times as many deaths at 0.5 mg/kg/day, and 6 times as many deaths at 3.0 mg/kg/day, when
compared to the control group. In addition to an increase in sporadic pup deaths during
lactation, there was also a dose-related increase in total litter loss; one at 0.5 mg/kg/day and 3
at 3.0 mg/kg/day (there were no total litter losses in controls or at 0.1 mg/kg/day). At 3
mg/kg/day, one litter was sacrificed on postnatal day 3 and two litters were sacrificed on
postnatal day 4. In the litter sacrificed on postnatal day 3, all offspring were cold to the touch
and underactive with little food in the stomach on postnatal days 2 and 3. In one litter
sacrificed on postnatal day 4, all offspring were small and underfed, and in the other litter
sacrificed on postnatal day 4, all offspring were cold to the touch, underactive and had little
food in the stomach. At 0.5 mg/kg/day, one litter was sacrificed on postnatal day 2; all
offspring in this litter were cold to touch, underactive, and had little food in the stomachs.

&
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As noted above, most of the pup deaths occurred during early lactation (PNDs 1-4 and 5-11

as shown in Table 4b), prior to the start of direct pup dosing. No excess pup deaths were
noted during the period of direct dosing (PNDs 11-21).

Table 4b. Postnatal Pup Mortality

Dose “ Days of Lactation Total litter loss | Mean number of
da; dead i
AT ™14 | su | s | a1 | 12 = od pups/iter
0Control) | 10D | 33 | 22 | 00 15 (10) 0 0.6
0.1 (LD % (5) 3 | 0@ | 0@ 11 6) 0 05
0.5 (MDT) 32%(9) 10(3) 1{(H 00 43* (10) 1) 1.8
3.0 (HDT) 71*(13) 15{7) 1(1) 2(2) 89* (14) 3344 3.7

Number of pups (mumber of liiters) * Includes pups that were found dead, missing and presumed dead, or

sacrificed due to poor condition. * p<0.01, Chi Square test.

Reported clinical signs indicate that all offspring from 6 litters in the 3 mg/kg/day group

exhibited signs of poor general condition or retarded development, such as small size, cold to

touch, underfed, and/or underactive during early lactation. (Three of these litters were
sacrificed on postnatal days 3 or 4 as described above). Additionally, all offspring in two
additional litters in the 3 mg/kg/day group were small, underfed, cold to touch and
underactive and were sacrificed at or shortly after weaning. No treatment-related clinical
signs were noted at 0.5 mg/kg/day except those described above, and no treatment-related
clinical signs were noted at 0.1 mg/kg/day.

Body weight: No treatment-related effects on body weight were observed at 0.1 or 0.5

mg/kg/day. Although statistical significance was not achieved, mean body weights at 3
mg/kg/day were slightly lower than controls for male (7.6-10%) and female (8.2-10.7%)
offspring from postnatal days 4-21. The difference in body weight gain was most
pronounced during days 1-4, corresponding to the period during which most pup deaths

occurred. There was no apparent change in the pattern of body weight gain during the period
of direct pup dosing (PND11-PND21). Selected mean preweaning pup body weight data are
presented in Table 5.
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Postnatal Dose (mg/kg/day)
Day 0 0.1 0.5 3 [ o [ e 05 3
6.510.6 .4+0.5 6.5+0.6 6.5+0.7 6.2+0.5 6.0:0.5 6.0+0.7 6.110.7
4b 9.0+1.2 8.520.7 9.2+14 8.1£1.7 8.5x1.2 8.1+0.7 8.7+1.4 7.7£1.7
(10%)} (94%)t
4c 9.0x1.1 85106 9.3:1.4 3.1x1.7 83.5+1.2 8.1:0.3 8.8x1.5 7.8+1.7
(10%)° (8.2%)°
11 242433 237822 24.744.2 21.945.6 23.243.4 22.84+2.1 23.3+4.3 213+5.6
(9.5%)! (8.2%)°
17 419342 40.9%3.1 419156 37.9:8.6 41,0343 39.4x£2.8 40.626.1 36.649.1
(0.5%) ’i (10.79%%
21 52.345.8 50.9+4.0 52.8:6.6 48.3+11.1 | 51.5+6.0 48.9+43.5 51.047.2 47.1+11.2
(7.6%)! (8.5%)*
Weight gain 2409 22406 2.8+1.1 1.7x1.4 23+1.0 2108 2.7£1.0 1.7x1.4
Days 1-4 2%y |17y | (mwy (91%) (117%) | (4%
Weight gain 17.6+3.1 17.342.2 18.243.9 15.5£5.4 17.143.2 16.8+2.1 17.3£3.9 15.345.3
Days 1-11 8%y | 03%y | (88%y 98%r | 101%y | (89%F
Weight gain 28.143.1 272424 28.113.0 26.416.0 28.343.4 26.1£2.0 27.7+3.3 25.4%6.3
Days 11-21 O1%F | (100%)¢ | (94%) 2%y | 98%)y | (90%y
Weight gain 45.7%5.6 44.6+4.0 46.316.3 41.8+109 | 45.4+5.8 42.9+34 45.046.8 41.0£11.0
Days 1-21 _ ©8%yr | ao1%y | (91%F 4%y | (09%r | 0%y
a Data obtained from Tables 2124, pages 98-101, MRID 45529703. n=20-24
b Before standardization (culling).
¢ After standardization (culling).

d % decrease compared to controls, calculated by reviewer
€ % of control, calculated by reviewer

No treatment-related effects on postweaning body weights were observed. Selected mean
postweaning offspring body weight data are presented Table 6.

TABLE 6, Meup (£5D) Pog

Postmatal - ' Dose (mg/kg/day)

Day ) 0.1 05 3 0 0.1 0.5 3
35 13052174 | 1303£11.7 | 142.32170 | 3002102 | 13143 ] 19002111 153030 | 12345100
|| 49 [ 270.025.0 | 270.124.1 | 27624312 | 266.62353 | 194.1221.1 | 18994163 | 194.1+188 | 193 6139
I 56 [[334.1533.0 | 33475292 | 34254362 | 33224392 |1 222.5:22.4 | 21822188 | 223.6:21.2 | 219.9%145
Il 63 [381.9236.1 | 384.2:34.4 | 3923+42.1 | 383.1+41.6 |[243.8+25.2 | 23931202 | 244.0423.7 | 240.0+162
a Data obtained from Tables 50 & 52, pages 131 &133, MRID 45529703. 0=55-71

3. Developmental landmarks:

a. Sexual maturation: There were no treatment-related effects on the mean age for attainment
of vaginal opening for females or preputial separation for males. The data are presented in
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Table 7. Body weights at sexual maturation were also similar among groups.

Parameter Dose (mg/kp/day}
(- 0 L3 B— .___l
| N (M/F) 69/71 6571 66166 52/5% |
|| Preputial scparation (males) 46.0+2.8 456024 46.042.8 46.043.0 i
Vegi ing (females 34.0:1.8 34.321.7 34.3419 34.2:1.7
PP O———
2 Daia obtained from Tables 54 & 55, pages 135 &136, MRID 45529703

4. Behavioral assessments:

a. Functional observational battery: Data are summarized in Table 8. Males and females
from the 3 mg/kg/day group were less active than controls on postnatal day 4 as shown by
decreased number of sections entered, and supported by decreased maximum distance
traveled, and maximum pivoting angle. Decreases seen in these measures in 0.5 mg/kg
animals were less consistent. Surface righting was slowed somewhat in males and females in
the 3 mg/kg/day group on posinatal day 11. Activity scores on PND 11 were decreased .
(p<0.05) in females at 0.1 and 3 mg/kg/day; however, the lack of an effect at 0.5 mg/kg/day
makes this effect toxicologically questionable. Males (-62%; p<0.01) and females (-41%;
p<0.01) in the 3 mg/kg/day groups had significantly decreased activity compared to controls
on postnatal day 21, There were no treatment-related effects on FOB measures noted at
posinatal days 35, 45, or 60.
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Surface righting reflex
(mean-scale of 1 1o 3)
-FND 4
~-PND 11

2.7
12

24
L5

25
L3

23
1.9

(Mean)
-PND 4

81

585

27

36

Maxi i veled
(mean- cm)
~-PND 4

1.2

0.8

04

Activity
{mean # of sections)
-PND 4

14

1.3

0.7

Activity count
(raean)

-PND 11
~-PND 21
-PND 35
-PND 45
-PND 60

1.8
4.7
11.6
1.9
12.3

26
45
122
7.1
10.0

e

29
2.7%* (-62%)
9.7
55
8.5

(mean-scale of 1 to 3)

14

26
14

25
1.3

29
1.7

103.5

40.5

81

40.5

| (mean- cm)
-PND 4

1.2

0.4

0.6

04

Activity
(mean # of sections)
-PND 4

2.6

1.3

1.9

0.9

Activity count
il (mean)

| .-PND 11

| -PND 21
-PND 35
-PND 45
-PND 60

N = 10/sex/dose

* Statistically different from conirol, p<0.03
*# Statistically t_iil’ferem from control, p<0.01

3.0
14
132
15.0
15.4

1.3*
1.8

11.8
15.6
19.2

33
6.3
14.3
15.0
15.9

1.3+
4.4%% (-41%)
13.5
116
14.1

a Data obfained from Tables 25-30, pages 102-107, MRID 45529703
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b. Motor activity: Total activity data are presented in Tables 9 and 10 for rearing and
horizontal activity, respectively.

The coefficients of variation for horizontal {cage floor) activity on PND 13 and PND 17 were
roughly 100%, making statistical power and sensitivity low. On PND 13, high dose females
showed an increase of 44%, while mid dose (0.5 mg/kg) females showed an increase of 113%.
Neither difference was statistically significant. On PND 17, males showed dose dependent
increases in horizontal activity of 43%, 65% and 122% compared to controls, respectively for
low-, mid-, and high-dose groups. Females showed dose dependent decreases in horizontal
activity on PND 17 of up to 42% at 3 mgrkg. Despite the lack of statistical significance, it is
reasonable to consider the dose dependent increases on PND17 at 0.5 mg/kg (65%) and 3 mg/kg
in males (122%) as treatment related. No effects on horizontal activity were noted on PND 22
and PND 59. .

On PND 17, rearing was increased 104%, 154% and 98%, respectively for low-, mid-, and
high-dose males. None were statistically significant. Mean rearing scores for females on
postnatal day 17 were decreased non significantly at doses of 0.1 mg/kg/day (58%) and 0.5
mg/kg/day (43%), while at 3 mg/kg/day a 90% decrease was statistically significant (p<0 01). -
No consistent effects on rearing were noted at PND 13, 22, or 59.

Habituation of activity within the session became much more pronounced on postnatal days
22 and 59 in comparison to days 13 and 17. This is not unexpected. Females but not males
showed the expected pattern of increases and then decreases in overall activity levels from day
13 to day 21.

Dose (mg/kg/day)

0.5

0.7+1.1

24794673

276.6£110.2

228.7484.5

PND 17 12.3x16.3 25.1+38.5 31.3:68.8 24.44290
PND 22 32.5420.0 28.2+34.1 36.9£12.4 36.2+30.5
PND 5% 257.6:141.7

1.2+2.8

I

a Data obtained from Tables 34-37, pages 111-118, MRID 45529703

N = 10/sex/dose

+* Sratistically different from conirof, p<0.01

D13 | 0309 ) 12132
PND 17 g 46.4+56.3 19.5420.3 {-58%) 26.5423.6 (-43%) 4.5:8.1%* (90%) ||
PND 22 43.5430.4 30.0:22.0 40.7£32.3 28.9£13.8
PND 59 272.1£132.4 281.9::96.1 281.1:118.8 318.1£166.2 “
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"PND 13

223.5:2117 162.8£140.4 321.5:330.9 146.0:105.3
PND 17 171.1£147.2 244.6:231.3 (43%) 281.6:405.9 (65%) 379.9£407.0 (122%) ||
198.1485.0 199.6£117.9 235.2+107.3 196.4£97.0 1
869.9209.2 926.9:278.4 831.9:2123 391.3:288.9 n
T —

a Data obtained from Tables 34-37, pages 111-118, MRID 45529703

N = 10/sex/dose

PND 13 153.6:138.1 205.8138.8 328664310 (113%) | 224.94195.0 (44%)
PND 17 417.65368.5 408.0:2459 323.62253.9 243.9£244.7 (-43%)
PND 22 249.2£142.2 192.7127.7 240.02154.9 211.9:1089
PND39 | 1220.3:379.9 1317354100 151.2:260.6 3.82309.5

c. Auditory startle reflex habituation: The auditory startle reflex peak amplitude data are
shown in Table 11. Data on pre-pulse reflex inhibition are shown in Table 12. No consistent
effects on peak amplitude in either sex at any dose was seen. No consistent differences in the
degree of pre-pulse inhibition (roughly 25%) were seen in either sex at any dose.

-

———

1 T7T32338 182.4267.8 B£33]
2324 2 141.7:43.6 177.8+58.2 155.6x49.7 I
3 129.436.9 165.8+73.1 159.0£77.5
4 123.6:48.5 162.1260.9 144.6:58.0 15504445 H
5 129.6£38.5 1481523 1549775 148.4276.5
PND T 3105063 2T G4 W‘E’P‘H
60/61 2 45.12239 347115 55.6£13.5 46.7£158 |
3 40.7:22.0 34.6£143 50.420.6 40.5+10.6 |
4 3724232 352194 44.4:16.4 38.615.5
5 399225 36.6£11.8 51.5£18.6 3932164
2324 2 138.7:72.4 183.5+72.0 138.0£90.8 133.04676
3 125.8457.1 159.9:74.0 150.0:86.2 115.1263.1
4 134.6£74.1 154.966.4 155.5£115.9 121.0£733
5 142.5£74.6 151.2£52.0 159.7£132.6 130.9266.7
60/61 2 36.5+17.7 42.6:212 26.5:12.4 30.0+11.6
3 I 34.3x13.9 4234236 25.549.5 28.8+13.7

/%
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| Teial | Dose (mg/kg/day)
Block |
0 0.1 05 3 _

2 269:14.6 3825285 292+21.6 26.8:8.8 |

| 29.0:133 374:224 2542166 | 3042177 |
3 Data obtained from Tables 42-45, pages 123-126, MRID 45529703
N = 9-10/sex/dose

23/24 | pre-pulse 268.5+68.7 257.7£131.4 255.6466.1 241.4195.2
Stimulus with pre-
pulse 207.9+71.7 200.7x115.0 203.2+51.5 181.3£73.4
% lnhibition | 23.4£14.5 22.3+12.6 19.3+11.9 24.4+16.3

— e — P ———— R e

PND i

60/61 71.2420,5 87.2+43.9 78.1260.6 66.8+23.3
Stimulus with pre-
pulse 48.4£19.7 55.6:30.2 61.4+76.7 51.0+228

335.6£8.6 29.623.6 23.0+17.7
iRemades - - o 2

FND Stimulus without

23724 | pre-pulse 220.5+76.1 269.0+117.0 252.7:94.8 261.2484.8
Stimulus with pre-
pulse 177.0+78.6 208.9+119.8 165.2462.1 198.0+67.5
% Inhibition 21.0x12.0 24.1+14.8 3312136 23.0+£11.5
— e e
Stimulus without
60/61 | pre-pulse 60.0+22.7 68.8+29.9 71.6£23.7 7174368 1
Stimulus with pre-
pulse 42.9£18.9 51.3£20.6 48218.9 44.5:23.7
% Inhibition 27.9+14.8 21.9+20.1 26.8+23.7 36.6422.7
a Data obtained from Tables 46-49, pages 127-130, MRID 45529703
N = 9-10/sex/dose

d. Learning and memory testing: There were no treatment-related effects on performance in
the Morris water maze at either time point. At PND 23/24 and at PND 61/62, animals
demonstrated improved performance, as measured by trial time, failed trials, and number of
sector entries, across the four test days. Initial performance levels and rates of learning were
similar for all treatment groups. Data are summarized in Tables 13 and 14.

&3



HED Records Center Series 361 Science Reviews - File R042084 - Page 64 of 71

Developmental Neurotoxicity Study (2001) / Page 25 of 32
[DIMETHOATE/035001] OPPT 870.6300/ OECD 426

Dose (mg/kg/day)

Test Day/Parameter

Testday 1 | Trial time (sec) 65.5422.3 59.2421.1 59,8203 61.5¢15.1
No. failed trials 15£1.2 1.1:0.9 1.3:1.1 1.420.9
No. sector entrics 16.946.0 16.6+5.0 15.544.7 16.4+4.1
Testday2 | Trial time (sec) 5124209 39.318.5 44.7£26.0 41.4426.1
No. failed trials 0.9:0.9 0.4:0.7 0.7£1.] 0.6x1.1
No. sector cntries 14.6:5.6 11.754.9 11.945.6 13.2:7.2
Testday3 | Trial time (sec) 36.2426.1 26.6+11.2 393204 35.6£16.0
No. Tailed trials 0.721.1 0.120.3 0.5:0.3 0.2:0.4°
No. sector entries [ Tosi 85123 10.9:5.2 10.4:4.4
Testday4 | Trial time (sec) 232+132 18.9:11.9 203+75 24.1212.0
No. failed trials 01203 0.0:0.0 0.00.0 02:02 |

No. sector entries 7.943.6 6.7£3.5 6.7+1.4 6.9+3.3

1+

No. failed trials 1.8:1.0 1.2+0.8 1.7£1.1 1.7+0.9
: No. sector entries 15.4+3.7 13.543.2 15.0+4.3 16.343.2
Test day 2 Trial time (scc) 30.8+16.1 31.7+18.3 47.7:24.6 39.2420.7
’l : No. failed trials 02+0.6 0.1:03 0.7£0.8 0.3%1.0
No. sector entries ‘ 8.743.1 9.4+4.6 12.3£5.7 105:4.3 J
Test day 3 Trial time (sec) 24.5:15.5 21.1£21.3 18.1:14.4 25.5:158 |
No. failed trials 02404 0.1£0.3 0.0:0.0 0.0:0.0
No. sector entries 74439 6.0x4.6 6.143.3 7.6:4.6 "
Test day 4 Trial time (sec) 20.6+13.4 23.4%17.7 24.5+25.1 253168 |
No. failed trials 0.0+0.0 0.2+0.6 0.3£0.9 0.1:03 |l
No. sector entries 6.7x4.4 6.0+3.2 7.456.0 7.043.2
a_ Data obtained from Tables 38 & 40, pages 119 & 121, MRID 45520703 )

N =9.10/sex/dose
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Dose (mglljg/day)
Test Day/Parameter
0 | 0.1 0.5 3
Ttestday I Tial Hme (seC 3+14. &x18. =17 1 9=19.
* No. failed trials 1.2+0.4 1.3:0.9 1.9£0.9 1.1£L1
No. sector entries 16.0+4.1 18.3+4.0 17.5429 165243
Test day 2 Trial time (sec) 37.5423.5 49.3220.8 42 41211 36.5622.4
No. failed trials 0.5:0.8 0.8+09 0.5:0.8 0.4+0.5
‘No. sector entries 11.446.1 13.846.0 12.8+4.6 10.1+4.4
Test day 3 Trial time (sec) 39.5x17.9 33.3:13.8 28.2+13.0 33.9+18.2
No. failed trials 0.4£0.5 0.3£0.5 0.3£0.5 0.3x0.7°
No. sector entries 12.21+5.7 98144 9.244.2 10.0£5.2
Test day 4 Trial time (sec) 22.7+12.0 27.7£133 25.1£13.7 20.949.1
No. failed trials 0.1:03 0.2:0.4 0.320.5 0.0+0.0
No. sector entries 7.8+4.6 8.2+3.0 83139 7.4+£3.4
e —
PND 61/62
Test day 1 Trial time (sec) 69.8+18.9 66.9+12.4 77.9+15.0 66.9+14.0 H
No. failed trials 1.7£1.1 1.7£0.7 2.2+0.8 1.5:1.0 |l
No. sector entries 17.1+5.0 15.3:2.8 17.343.1 157441 |f
Test day 2 Trial time (sec) 41.9421.4 39.1+16.0 40.8+16.9 4211242
No. failed trials I o4xi0 0305 0.4+0.7 0.5:0.8 “
No. sector entries 11.724.1 11.2+4.4 10.4£2.9 109:54 |
Test day 3 Trial time (sec) 18.7x14.1 22.5+15.7 29,7+20.6 164+9.6 |l
No. failed trials 0.1x0.3 0.2:0.4 0.2+0.6 00:00 |
No. sector entries 6.143.7 6.8:3.8 8.9+5.9 49:22 |
Test day 4 Trial time (sec) 14.128.6 25.6+17.0 30.6£18.8 20.5114.4_“
No. failed trials 0.0£0.0 0.2+0.4 0.40.7 0.1:0.3
No. sector entries 5.142.2 7.2:3.6 8.0:+4.2 6.344.2

———— e
a Data obtained from Tables 39 & 41, pages 120 & 122, MRID 45529703
N = 9-10/sex/dose

5. Postmortem results:

1) Unscheduled deaths: Necropsies were conducted on some of the F1 animals that died or
were sacrificed for humane reasons prior to scheduled sacrifice. Although there were scattered
findings, including eyes opaque or bilateral renal cavitation, none appeared to be common among
treated animals.

2) Animals selected for neuropathology

a. Brain weights: There were no treatment-related effects on absolute or relative brain weights
in male or female offspring at postnatal days 11, 21, or 63-67. Mean brain weight data (for
animals selected for neuropathology) are presented in Table 15.
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Dose (mg/kg/day)

Parameter

" Terminal body weight (g)

24,5246

24.5:2.0 252433

24.742.0

Brain weight (g)

1.159x0.140

1.160+0.076 1.164+0.064

1.194::0.073

Brain-to-body weight ratio

4.811+0.520

4.742+0.255 4.678+0.485

4.84410.278

Terminal body weight (g)

51.8+5.6

50.7£6.3

50.5+8.8

50.2t7.2

Brain weight (g) I

1.251%0.089

1,297+0.088 1.207+0.065

1.282+0.063

Brain-to-body weight ratio I

2.43740.300

2.581x0.215 2.476+0.551

2.599+0.382

Brain-to-body weight ratio

0.422+0.035

Terminal body weight (2) 402.0:27.9 41798386 128.4136.2 205.6:33.4
Brain weight (2) 169020.138 1798:0.176 1 73550.112 180420131
043350.049 0.4030.042 044720038

EETECE)

91225 24.513.9

150660

“Terminal body weight (g)
Brain weight (2) 1.06630.143 1.137£0.089 1.15320.074 09940213
Brain-to-body weight rafio 5.093:0.833 5.18220.540 277410536 5.50820.964

21 :

Terminal body weight (g)

N == 8-13/sex/dose

2 Data obtained from pages Tables 56, 57 & 61, pages 137, 138, & 143, MRID 45529703

52.1£5.0 49.8+4.5 52.746.7 51.644.1
Brain weight (g) 1.238+0.089 1.27110.101 1.141£0.113 - 1.220+0.066
Brain-to-body weight ratio 2.392+0.247 2.564+0.232 2.18740.262 2.378+0.221 ﬂ
| : :” — Y Miuﬁﬂ : i L
Terminal body weight (g) 253.0£12.7 245.7+23.0 255.8+20.8 254.6+19.6
Brain weight (g) 1.603+0.109 1.59640.108 1.575+0.190 1.666x0.077
Brain-to-body weight ratio 0.633+0.066 0.655+0.081 0.6230.104 0.658+0.054

Brain weights were also evaluated for non-perfused animals sacrificed at day 65 (n=43/46,
56/56, 55/61, and 59/61 [M/F] for control, low, mid, and high dose groups, respectively).
Consistent with the results for neuropathology animals, brain weights were similar across all
treatment groups in these additional animals.

b. Neuropathology

1. Macroscopic examination: No treatment-related effects were reported for male or female
offspring at postnatal days 11, 21, or 63-67.

2, Microscopic examination: No significant treatment-related effects were noted on postnatal
days 21 or 63-67. On postnatal day 21, there was a minimal focus of degeneration of the
granular layer of the cerebellum of one female in the 3 mg/kg/day group. There was also a
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malformation of the cerebellar folia of one control male and one high-dose female on day 21.

On postnatal day 63-67, there was a minimal focus of degeneration of the granular layer of

the cerebellum of one control male and one control female.

Minimal or slight degenerative

changes were observed in the peripheral nerves of control and high-dose animals. This
degeneration was observed in similar incidences and severity in control and high-dose
animals. There was also a single incidence of mammary adenocarcinoma in one high-dose
female at terminal sacrifice. These findings are considered incidental to treatment.

There were no differences in brain length or width in males or females on postnatal days 21
or 63-67. Data are summarized in Table 16.

Brain length (mm)

Brain Width (mm)

14.5¢0.3

14.5£0.6

14.70.8

14.540.3

“Brain length (mm)

| Brain Width (mm)

15.0:0.6

15.0£0.6

15.60.4

15.4+0.4

» ‘M(n length (mm) .

17.750.5

Brain Width (mm) 14.1£0.6 14.5+0.4
Braip length (mm) 20.5£0.6 20.0+0.4 20.4+0.6 20.440.7
Brain Width (mm) 14.940.4 14.8+0.6 14.9+0.5 15.1+0.2

a Data obtained from pages Tables 58 & 62, pages 139 & 145, MRID 45529703

N = 8-10/s5ex/dose

There were no differences among treatment groups in morphometric measurements for males or
females on postnatal days 21 or 63-67. Data are summarized in Table 17.
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TABLE 17. Mean (SD) Morphometric Data for Offspring * n

Dose (mg/kg/day)

Parameter

Day 21 I
Neacortex (mm) 1.63£0.19 1.62+0.11
Hippocampus (mnm) 1.67+0.14 1.5520.16
Corpus Callosum (mm) 0.22:0.10 0.17:0.04
Cerebellum (mm) 0.68+0.09 0.71+0.10
Terminztion
Neocortex (mm) 1.77£0.17 1.7140.08
Hippocampus (mam) 1.77£0.17 1.3620.26
Corpus Callosum (mm) 0.28+0.08 03340.14
Cerebellum (mm) 0.80+0.08 0.87:0.08
Day 21
Neocortex (mm) [ 1.68£0.14 1.72+0.10
Hippocampes (mm) I 1.6240.08 1.63+0.20
Corpus Callosum (nm) i 0.1920.06 0.19£0.05
Cerebellum (mm) 1 0.710.04 0.68:+0.05
Termination
Neocortex (mm) ( 1.6940.15 1.7040.11
Hippocampas (mm) [ 1.76£0.24 1.830.17
Corpus Callosum (mm) | 0.2120.04 0.2320.07
|_Cerebellum (mm) 7 | 0.7840.10 0.81+0.05
2 Data obtained from pages Tables 59 & 63, pages 140 & 146, MRID 45529703

N = 8-10/sex/dose

¢. Pathological evaluations of additional tissues

Histopathological evaluation of selected additional tissues in PND21 offspring revealed
similar findings in treated and control animals. The most common findings were cortical
tubular dilatation and vacuolation in the kidneys; these lesions occurred with similar
frequency in control and high dose animals.

ITI. DISCUSSION and CONCLUSIONS

A. INVESTIGATORS’ CONCILUSIONS: The investigators concluded that there was no
selective developmental neurotoxicity at the high dose of 3 mg/kg/day, and that the slight
developmental delay prior to weaning occurred in the context of increased litter/pup
mortality, signs of poor general condition and decreased early weight of pups. The
investigators considered 0.5 mg/kg/day Dimethoate as a NOAEL for morphological and
functional development.
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B. REVIEWER COMMENTS: There were no treatment-related effects for maternal animals.
Clinical signs, reproductive parameters through gestation, body weights, and food
consumption were similar across all treatment groups. The maternal LOAEL is not
identified. The maternal NOAEL is 3 mg/kg/day. -

There were no differences among treatment groups with respect to pup body weight or food
consumption, auditory startle parameters, learning and memory evaluations, brain weights .
and measurements, or histopathological evaluations at either time point. Although body
weights were slightly reduced at 3.0 mg/kg/day in pups, these differences were small and did
not achieve statistical significance. The reductions occurred early during the lactation period;
there was no indication of increased pup toxicity during the direct dosing period (PND 11-
21).

Pups in the 3 mg/kg group showed some general decreases in activity in the FOB between
PND 4 and PND 21. On PND 4, males and females were less active, as seen in number of
sections entered in an open field, as well as decreased distance traveled, and maximum
pivoting angle. On PND 11, males and females had somewhat slowed righting responses;
and on PND 21 males and females had significantly decreased activity in the open field.
These differences, seen only at the high dose, are considered treatment-related. -

Changes in automated motor activity measures were seen only on PND 17, and consisted of a
significant decrease in rearing in females given 3 mg/kg, and large, but not statistically .
significant, increases in horizontal activity in males at 0.5 mg/kg (65%) and 3.0 mg/kg
(122%). These differences are considered treatment-related at the mid- and high-doses.

The strongest finding in the study was the dose-related increase in pup deaths occurting at the
0.5 and 3.0 mg/kg/day doses. In addition to sporadic pup deaths scattered among litters,
there were three incidences of total litter loss at 3.0 mg/kg/day and one total litter loss at 0.5
mg/kg/day. Most of the pup deaths occurred during early lactation (days 1-11), although
sporadic deaths continued in the 3.0 mg/kg dose group throughout lactation and surviving
pups from two additional litters died shortly after the lactation period ended. Historical
control data on litter loss, provided during the study audit, are discussed in the trip report
cited earlier (TXR #014502). Data from three additional studies, provided as Attachment 10
(p- 639) in the study report, indicate no incidences of total litter loss from control groups in
those studies (conducted in October 2000 and April 2001). The total number of pups found
dead in those studies was also provided; the largest number, 23 pups found dead in a study
with “an increased level of monitoring of litters” was lower than the number of pups lost in
the mid-dose group of the current study (43), although similar to the number of pups lost
when the total litter loss was excluded (24 pups for the current study). It is unclear what is
meant by “an increased level of monitoring of litters,” but the next highest number of lost
pups (15) was identical to the number of lost pups in the control group of the current study
(15).

Based on the available information, we believe the pup deaths to be treatment-related at both

the mid- and high-dose. Although no increase in pup deaths was seen in the companion
cholinesterase inhibition study (MRID 45529702, reviewed separately), conducted using the

&7
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same doses as the current study, the sample size in that study was much smaller than the
current study (10 litters/dose, as opposed to 24 in the current study). No increase in pup
deaths was seen at 3.0 mg/kg/day in the range-finding study (MRID 45529701, reviewed
separately), which also included 10 litters/dose, however there was large increase in pup
death at the higher dose tested in that study (6.0 mg/kg/day). Similar to what was seen in the
current study, most of the deaths at 6.0 mg/kg/day occurred during early lactation (days 1-4),
and there were two instances of total litter loss.

In the companion cholinesterase inhibition study, repeated administration of dimethoate led
to cholinesterase inhibition at doses of 0.5 mg/kg/day and 3.0 mg/kg/day, in several
compartments for dams and pups (following a single dose of dimethoate, cholinesterase
inhibition was seen only at the 3.0 mg/kg dose). The level of cholinesterase inhibition seen
in the companion study was similar for adults and pups receiving similar doses of
dimethoate. Thus, the pup death seen in the current study was occurring at the same dose
level which caused similar cholinesterase inhibition in both dams and pups in the companion
study. We note, however, that the pup deaths in the current study were occurring at doses
that caused no changes in clinical signs, body weight, or food consumption in dams; we
believe that the pup death represents an increase in severity of the response to dimethoate in
young vs. adult animals.

The offspring LOAEL is 0.5 mg/kg/day, based on increased pup death and increases in motor
activity at that dose. The offspring NOAEL is 0.1 mg/kg/day.

. STUDY DEFICIENCIES: The coefficients of variation for horizontal motor activity
measurements in pre-weaning rats were 50-100%. This made changes that were seen in
these measures more difficult to interpret, due to a lack of statistical significance. One
approach that might have helped with analysis of this data would be to make use of repeated
measures analyses of variance [See e.g., Tamura, R.N. and J. Buelke-Sam (1992) The use of
repeated measures analysis in developmental neurotoxicity studies. Neurotoxicol. Teratol.
14:205-210].

Positive control data is currently under evaluation.

e
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DATA FOR ENTRY INTO ISIS

Developmental Neurotoxicity Study - rats (870.6300)

PCcode | MRID# Study type Species | Duration Route | Dosing | Dose range Doses tested NOAEL LOAEL Target organ(s) Comments
method | mgkg/day | mekg/day | mgfkg/day | mg/kg/day
dev neurotox | rats oral diet Maternal
dev neurotox | rats oral diet Offspring
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